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A COMPARATIVE STUDY OF BILE SALTS IN 
SUCKER FISHES (FAMILY CATOSTOMI DAE)
CHAPTER I 
INTRODUCTION
B i l e  s a l t s  a r e  subs tances ,  d e r i v e d  f r om  s t e r o l s  in v e r t e b r a t e s ,  
wh ic h  have been p e r f e c t e d  d u r i n g  e v o l u t i o n  t o  a s s i s t  in the  é m u l s i f i c a ­
t i o n ,  h y d r o l y s i s  and a b s o r p t i o n  o f  f a t s .  Haslewood (1962) l i s t s  t h r e e  
d i s t i n c t  chemica l  types  f u l f i l l i n g  these  c o n d i t i o n s  wh ich have been 
found in n a t u r e .  These a r e :  1) a l c o h o l s  found p r i m a r i l y  in the  p r i m i ­
t i v e  f i s h e s  (C yc1os tomata and C h o n d r i c h t h y e s ) , c y p r i n i d  f i s h e s  and 
a m p h ib ia n s ;  2) C^^ a c i d s  found in  some am ph ib ian s  and r e p t i l e s ;  3) 
a c i d s  ( t h e  p re dom in a n t  t y pe )  found in  snakes ,  b i r d s  and mammals. In 
n a t u r e ,  a l l  b i l e  a c i d s  and a l c o h o l s  a re  b e l i e v e d  t o  occur  in b i l e  as the 
c o n ju g a te d  fo rm s ;  b i l e  a l c o h o l s  a re  c o n ju g a t e d  w i t h  s u l f a t e ,  b i l e  a c i d s  
may be c o n ju g a te d  e i t h e r  w i t h  g l y c i n e  o r  t a u r i n e .
The b i o g e n e s i s  o f  b i l e  a c i d s  f rom c h o l e s t e r o l  in h i g h e r  a n i ­
mals ,  and t h e i r  f u n c t i o n s  in r e g u l a t i n g  s t e r o l  m e ta bo l i sm  and in g a s t r o ­
i n t e s t i n a l  p h y s i o l o g y  have been e l u c i d a t e d  by t h e  development  o f  e l e g a n t  
m e t h o d o lo g i c a l  approaches d u r i n g  the l a s t  two decades. I n v e s t i g a t i o n s  
i n t o  the n a t u r e  o f  th e  compounds p r e s e n t  in b i l e  a c t u a l l y  d a te  back t o  
th e  f i r s t  decade o f  th e  n in e t e e n t h  c e n t u r y  and p o s s i b l y  e a r l i e r .  The
h i s t o r y  o f  t h i s  e a r l y  w o rk  has been rev iewed  by K r i t c h e v s k y  and N a i r  
( 197 1 ) .  M a ts c h in e r  (1971) d e s ig n a te s  t h r e e  phases i n  th e  h i s t o r y  o f  
s c i e n t i f i c  i n v e s t i g a t i o n s  o f  b i l e  s a l t s .  The f i r s t  phase began in th e  
m id d le  o f  th e  n i n e t e e n t h  c e n t u r y  when b i l e  a c id s  were  f i r s t  o b t a in e d  in 
c r y s t a l l i n e  fo rm .  T h is  phase t e r m i n a t e d  around th e  end o f  t h e  n i n e ­
t e e n t h  c e n t u r y  and was c h a r a c t e r i z e d  by u n c e r t a i n t y  and c o n f u s io n  
c o n c e r n in g  the c o n s t i t u e n t s  o f  b i l e .  The second phase in c lu d e d  the  
development  o f  methods o f  i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  b i l e  s a l t s .  
T h is  p r o v id e d  a s t r o n g  background o f  s t r u c t u r a l  knowledge c o n ce rn in g  
these compounds. In a d d i t i o n ,  these  s t u d i e s  reco gn ized  the  r e l a t i o n ­
s h i p  between th e  b i l e  a c i d s  and c h o l e s t e r o l ,  and l a t e r ,  th e  s t e r o i d  
hormones. F i e s e r  and F i e s e r  (1959) rev iewed  the  c o n t r i b u t i o n  o f  Wie land 
and h i s  c o l l a b o r a t o r s  t o  the  s t r u c t u r e  o f  b i l e  a c i d s .  T h e i r  w o r k ,  which 
began abou t  1912, is  c l a s s i c  in  t h e  f i e l d  o f  s t e r o i d  b i o c h e m i s t r y .
The t h i r d ,  and c u r r e n t ,  s c i e n t i f i c  phase o f  b i l e  s a l t  i n v e s t i ­
g a t i o n  began about  1950. The a p p l i c a t i o n  o f  r ev e rs ed -ph a se  p a r t i t i o n  
ch rom atog raphy  to  th e  s e p a r a t i o n  o f  f r e e  (Bergs t rom  and S j o v a l l ,  1951; 
and S j o v a l l ,  1953) and c o n ju g a te d  (B e rg s t ro m  and Norman, 1953; and 
Norman, 1953) b i l e  a c id s  was p r o b a b ly  th e  g r e a t e s t  s i n g l e  advance in  
the s e p a r a t i o n  and p u r i f i c a t i o n  o f  b i l e  a c i d s .  T h i n - l a y e r  and gas chrom­
a to g ra p h y  were  i n t r o d u c e d  s e p a r a t e l y  f o r  t h e  s e p a r a t i o n  o f  b i l e  a c i d s .  
T o ge the r  they  p r o v id e  a v a l u a b l e  means f o r  the  i d e n t i f i c a t i o n  o f  b i l e  
a c i d s  and a l c o h o l s  (Grundy,  e_t aj_. , I 965 and A1 i , e_t al_. , I 966 ) . Mass 
s p e c t r o m e t r y ,  which  was a p p l i e d  t o  t h e  c h a r a c t e r i z a t i o n  o f  b i l e  a c id s  as 
e a r l y  as 1958 (Be rgs t rom ,  e ^  £j_. ) may be coup led  w i t h  g a s - l i q u i d  chrom­
a t o g r a p h y .  Used in c o n j u n c t i o n  w i t h  t h i n - l a y e r  ch rom a to g rap hy ,  these
3
methods p r o v i d e  a means o f  tho rough  a n a l y s i s  o f  any source o f  n a t u r a l l y  
o c c u r r i n g  b i l e  s a l t s  (E ne ro th ,  e_t ajl_., 1966) .  As a r e s u l t  o f  these 
improved t e c h n i q u e s ,  n e a r l y  h a l f  o f  the  known b i l e  a c id s  and a l c o h o l s  
have been r e p o r t e d  s i n c e  I960 ( M a t s c h in e r ,  1971) .
The b i l e  s a l t s ,  as p r i n c i p a l  end p r o d u c t s  o f  c h o l e s t e r o l  
me ta bo l i sm ,  occupy a f o c a l  p o s i t i o n  in ou r  u n d e r s ta n d in g  o f  th e  r o l e  o f  
s t e r o i d s  in b i o l o g i c a l  systems. The m o l e c u l a r  p 1eiomorphism e x h i b i t e d  
by th e  b i l e  a c i d s  and b i l e  a l c o h o l s  in the  an imal  kingdom is a c l a s s i c  
example o f  t h e i r  r o l e  in  b io c h e m ica l  e v o l u t i o n .  Haslewood (1964) 
sugges ts  t h a t  b i l e  s a l t s  may be used as a c r i t e r i o n  f o r  compar isons o f  
e v o l u t i o n a r y  r e l a t i o n s h i p s .  The breakdown o f  c h o l e s t e r o l  (Cgy) t o  
b i l e  a c i d s  occu rs  s te p w is e  ( F i g .  l ) .
1. The c h o l e s t e r o l  r i n g  s t r u c t u r e  i s  hyd rogenated  and 
e x t r a  h y d r o x y l  groups a re  added t o  i t .
2. The end o f  th e  s i  d e - c h a in  i s  o x i d i z e d  t o  g i v e  a l c o h o l s  
and then a c i d s .
3. Carbon atoms a r e  removed f rom th e  s id e  c h a in ,  r e s u l t i n g  
f i n a l l y  in  a c i d s .
On the  b a s is  o f  th e s e  b i o s y n t h e t i c  pathways ,  subs tances t h a t  l i e  in th e  
pathway between c h o l e s t e r o l  and a b i l e  a c i d  a re  less  h i g h l y  e v o lv ed  
c h e m i c a l l y  than th e  a c i d s .  T h e r e f o r e  t hese  subs tances ,  i f  they a r e  
found in the b i l e ,  and th e  organ ism t h a t  produces  them a r e  regarded as 
be ing  less  h i g h l y  e v o lv ed  b i o l o g i c a l l y  as w e l l .  However, some substances 
may a l s o  r e p r e s e n t  a branch l i n e  t h a t  b i o c h e m i c a l l y  cannot  e v o l v e  t o  
a c i d s .  There is  a p p a r e n t l y  an e v o l u t i o n a r y  change w i t h  re s p e c t  t o  the  
type  o f  c o n j u g a t e  formed s in c e  th e  b i l e  a l c o h o l s  a r e  co n ju g a te d  w i t h
F ig u r e  1. Proposed s ta ges  in the  b i o s y n t h e s i s  o f  v a r i o u s  b i l e  
a c id s  and a l c o h o l s  f r om  c h o l e s t e r o l .  The pathways f r om  c h o l e s t e r o l  t o  
the 5P b i l e  a c id s  have been s t u d i e d  and shown t o  o c c u r  in  r a t  l i v e r  
(Haslewood, 19&7). The 50: c o u n t e r p a r t s  o f  these compounds a r e  though t  
t o  f o l l o w  a p a r a l l e l  b i o s y n t h e t i c  sequence.  However, t h i s  has not  y e t  
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s u l f a t e  w h i l e  th e  b i l e  a c i d s  a r e  c o n ju g a te d  w i t h  e i t h e r  g l y c i n e  or  
t a u r i n e .  F i n a l l y ,  the  50 c o n f i g u r a t i o n  i s  c o n s id e r e d  t o  be more 
p r i m i t i v e  than th e  53 c o n f i g u r a t i o n  (Haslewood, 19b7a).
In b i l e  s a l t s ,  t h e  p r o g r e s s i o n  f rom  subs tances  c o n t a i n i n g  the 
e n t i r e  C^y s k e l e t o n  o f  c h o l e s t e r o l  t o  a c i d s  e n t a i l s  s e v e ra l  changes 
wh ich  seem t o  be o f  e v o l u t i o n a r y  s i g n i f i c a n c e ;  1) th e  change f rom 
a l c o h o l s  t o  a c i d s ,  2) the  change f rom C^y compounds t o  compounds, 
and 3) the  change f rom s u l f a t e  as t h e  c o n j u g a t e  w i t h  a l c o h o l s  t o  g l y c i n e  
o r  t a u r i n e  as the c o n j u g a t e  w i t h  a c id s  (Haslewood,  1967a).  in t h i s  p r o ­
g r e s s i o n  each chemica l  s ta g e  can be regarded as more advanced in  an 
e v o l u t i o n a r y  sense,  than  tho s e  p r e v i o u s  t o  i t .  However,  more than  one 
s tage  may be re p re s e n te d  a t  the  same t im e  in  a s i n g l e  s p e c ie s .  A l s o ,  
t h e r e  a re  b i l e  s a l t s  a p p a r e n t l y  c o n f i n e d  w i t h i n  v e r t e b r a t e  groups and 
p e c u l i a r  t o  th e  g roup ,  b u t  w h ich  do no t  seem t o  be more o r  less  advanced 
in  t h e  sense d is c us s ed  above.
T a b le  I summar izes th e  m a jo r  groups  o f  v e r t e b r a t e s  and the  
m a jo r  t y p e  o f  b i l e  s a l t  found in each g roup .  T h i s  shows th e  c l o s e  
c o r r e l a t i o n  between chemica l  t ypes and s y s t e m a t i c  c l a s s i f i c a t i o n  wh ich
C A n  r  ri i 1 I n l ’ o r n r o f - o r l  Î m + * o r m c  r* 1 1 1 4- 7 l -h ?» 1
t h a t  t h e  e v o l u t i o n  o f  b i l e  s a l t s  l e a d in g  f rom C^y a l c o h o l s  t h rou gh  C^y 
a c i d s  t o  a c id s  must have o c c u r r e d  i n d e p e n d e n t l y  a t  l e a s t  t w i c e  
( i . e .  c h o l i c  a c i d  is seen t o  occur  in  t h e  bony f i s h e s  as w e l l  as in  
a m p h ib ian s ,  r e p t i l e s ,  b i r d s  and mammals). Such e v o l u t i o n  may have gone 
on s e p a r a t e l y  in each o f  t h e  v e r t e b r a t e  c l a s s e s  in  w h ic h  th e  a p p a re n t  
e v o l u t i o n a r y  p r o g r e s s i o n  can be d e m o n s t ra te d .  B i l e  s a l t  e v o l u t i o n  in  some 
groups  ( e .g .  C r o c o d i l i a )  seems t o  have ceased and in o t h e r s  ( e . g .  Ranidae) 
i t  appears t o  be s t i l l  in  p r o g r e s s  (Haslewood,  1964) .
T a b l e  I .  B i l e  A c i d s  and A l c o h o l s  P r e s e n t  in  t h e  V a r i o u s  C la s s e s  o f  V e r e t b r a t e s  (Has lewood,  1967a).
V e r t e b r a t e  C las s
B i l e  A 1 coho 1s 
o r  A c i d s  Found i n  C la s s
Type o f  
Conj u g a t  i on
Some Examples
C y c 1os to m a ta
^27
A l c o h o l S u l f a t e Myx i no]
Cho nd r i  c h t h y e s ' 2 7
A l c o h o l S u l f a t e 5P-Chimaero1
Scymnol
O s t e i c h t h y e s
'2 7
A 1 coho ] S u l f a t e 50!-Ch im aero l  
L a t i m e r o l  
5Q- Er 5P“ C y p r i n o )
^24 Ac i d T a u r i n e C h o l i c  a c i d  
A 11o c h o l i c  a c i d
A m p h ib ia '2 7
A l c o h o l S u l f a t e 5 0 -  & 5P“ b u f o l  
50:- & 5P-Ranol
'2 7
Ac i d T a u r i n e 3 0 , 7a ,  12 a - t r i  h y d ro x y -5 P ~  
c h o l e s t a n o i c  a c i d
^24 Ac i d T a u r i  ne C h o l i c  a c i d
R e p t i 1 i a
' 2 7
Ac i d T a u r i n e 30;, 7Q, 12a - t  r i hyd r o x y -53  -  
c h o l e s t a n o i c  a c i d
^24
Ac i d T a u r i ne C h o l i c  a c i d
Aves C24
A c i d T a u r i n e C h o l i c  a c i d
Mammal ia '2 4 A c i d T a u r i n e C h o i i c  a c i d
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T h is  s tu dy  is  cen te red  on t e l e o s t e a n  f i s h e s ,  s p e c i f i c a l l y  
t h e  f a m i l y  Ca tos tom idae .  F ig u re  2 is  a p h y l o g e n e t i c  r e p r e s e n t a t i o n  o f  
the  s up e ro rd e r  Os t a r i o p h y s i , the l a r g e  group o f  t e l e o s t e a n  f i s h e s  
t o  wh ich  the  f a m i l y  Catos tomidae  be lon g s .  A compar ison o f  t h e  two 
o rd e rs  o f  o s t a r i o p h y s a n  f i s h e s  p r o v id e s  an i n t e r e s t i n g  c o n t r a s t  s in c e  
members o f  the  S i l u r i f o r m e s  ( c a t f i s h e s )  have t a u r o c h o l a t e  as t h e i r  m a jo r  
b i l e  s a l t ,  as do most te l e o s te a n  f i s h e s .  Members o f  the C y p r i n i  formes 
( s u c ke rs  and minnows) have a l c o h o l  s u l f a t e s  as t h e i r  m a jo r  b i l i a r y  
components,  w i t h  the  e x c e p t io n  o f  the genus C a r p io d e s .
The d i s c o v e r y  o f  a l l o c h o l i c  a c id  in  the R iv e r  c a r p s u c k e r .
Carp iodes c a r p i o  ( B r i g g s  and Buss jaeg e r ,  1972) , suggested an unusual  
d i v e r s i t y  o f  b i l e  s a l t s  in the Fami ly  C a tos tom idae .  The p r i n c i p a l  com­
ponents  o f  b i l e  a re  u s u a l l y  i n v a r i a n t  w i t h i n  any g i v e n  v e r t e b r a t e  f a m i l y .  
Hence, the d i s c o v e r y  o f  a C^^ b i l e  a c id  in a f a m i l y  p r e v i o u s l y  known 
o n l y  t o  have C^^ b i l e  a l c o h o l s  sugges ted t h a t  b i l e  s a l t  e v o l u t i o n  is  
c u r r e n t l y  in  p ro g re s s  in  c a to s to m id  f i s h e s .
The f a m i l y  Catos tom idae is  compr ised o f  11 genera c o n t a i n i n g  
57 spec ies  in C e n t r a l  and North Amer ica,  in  a d d i t i o n ,  one genus
( n y X O C y p  i' i > l u S  ) W u i C l i  I ' l a S  L i t  T c c  b p c C l C b  O C C u l b  I f l  f l O  T L O e d  S L t î  m  S i u d r i d
and Yangtse K iang .  The ca to s to m id  f i s h e s  a re  w e l l  r e p res en te d  in 
Oklahoma w i t h  e i g h t  o f  the 11 e x t a n t  genera ( 14 o f  57 s p e c ie s )  o c c u r r i n g  
in  the s t a t e .  Fu r th e rm ore ,  one genus which  does no t  occu r  in t h e  s t a t e  
( L a q o c h i l a ) is  t h o u g h t  t o  be e x t i n c t  (Moore, 1968) .
Hubbs ( 1930) s t a t e s ,  " I n  few groups o f  N o r th  Amer ican f r e s h ­
w a te r  f i s h e s  have i c h t h y o l o g i s t s  e x h i b i t e d  as l i t t l e  agreement as t o  
s p e c i f i c  l i m i t s  o r  as t o  nomenc la tu re ,  as in the suckers  o r  Ca tos tom idae .
F ig u r e  2. A p h y l o g e n e t i c  r e p r e s e n t a t i o n  o f  the  r e l a t i o n ­
sh ip s  o f  v a r i o u s  f a m i l i e s  o f  O s t a r i o p h y s a n  f i s h e s .  Adapted f rom  
Greenwood, e t  a l . ,  I 966 .
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S p e c i f i c  names have been j u g g l e d  back and f o r t h  between d i s t i n c t  s p e c ie s  
and even between d i f f e r e n t  gene ra ,  and th e  concep t  o f  th e  sp e c ie s  
v a r i o u s l y  broadened o r  r e s t r i c t e d . "  To ju d g e  f rom the number o f  
taxonomic changes in th e  C a to s tom idae  in the  most re c e n t  e d i t i o n  o f  
the  l i s t  o f  Common and S c i e n t i f i c  Names o f  F ishes  ( B a i l e y ,  e_t a j_. , 1970) 
Hubbs'  s ta te m e n t  i s  s t i l l  t r u e .
The pu rpose  o f  t h i s  s tu d y  was t o  i s o l a t e  and i d e n t i f y  t h e  
m a jo r  b i l i a r y  component in  each a v a i l a b l e  genus o f  t h e  f a m i l y  C a to s tom id ae .  
From t h i s ,  we hoped t o  see the  e x t e n t  o f  the  d i v e r s i t y  in  c a t o s t o m id  
b i l e  s a l t s  and perhaps l a t e r  be a b l e  t o  de te rm in e  what  s e l e c t i v e  p r e s ­
su res a re  i n v o l v e d  in t h e  e v o l u t i o n  o f  b i l e  s a l t s .  Haslewood ( ig64) 
i n d i c a t e s  t h a t  s y s t e m a t i c  use o f  b i l e  s a l t s  as a taxonom ic  c h a r a c t e r  
is  to o  ' c o a r s e '  o r  to o  ' i n s e n s i t i v e '  in i t s  v a r i a t i o n  t o  be u s e f u l  a t  
a s p e c i f i c  o r  even g e n e r i c  l e v e l .  However, b i l e  s a l t  v a r i a t i o n  m ig h t  
be a c h a r a c t e r  wh ich  can be used t o  c l a r i f y  r e l a t i o n s h i p s  o f  t h e  v a r i o u s  
genera w i t h i n  t h e  f a m i l y .
CHAPTER I I 
METHODS AND MATERIALS
C o l l e c t i o n  and I d e n t i f i c a t i o n  o f  Animals  
An im a ls  f rom which th e  b i l e  samples were taken f o r  t h i s  s tu dy  
were o b ta in e d  in a v a r i e t y  o f  ways.  Those c o l l e c t e d  by t h e  a u t h o r  were 
taken  w i t h  th e  use o f  se in es  and by e l e c t r o - f i s h i n g .  Many specimens 
were taken  w i t h  t h e  c o - o p e r a t i o n  o f  v a r i o u s  f i s h e r i e s  b i o l o g i s t s  in  
Oklahoma and Arkansas d u r i n g  t h e i r  p o p u l a t i o n  sampl ings  w i t h  ro te none  
and g i l l  n e t s .  B i l e  samples f rom B u f f a l o  f i s h e s ,  genus I c t  i o b u s , were 
c o l l e c t e d  by a commerc ia l  f i s h e rm a n  and samples f rom Chasmi s te s  
b re v  i r o s t r i s  were taken f rom f r e s h  f i s h e s  d i s c a r d e d  by f i s h e r m e n  around 
A n t e r o  R e s e r v o i r ,  near  F a i r p l a y ,  C o lo ra d o .  Specimens o f  t h e  Blue 
s u c k e r ,  C y c le p tu s  e l o n g a t e s , were c a p tu r e d  in  th e  d r a f t  tubes o f  
Denison Dam, Lake Texoma.
in  a l l  cases ,  g a l l b l a d d e r s  were taken  e i t h e r  f rom  f r e s h l y  
caugh t  specimens o r  f rom spec imens wh ic h  had been f r o z e n  soon a f t e r  
c a p t u r e .  The g a l l b l a d d e r s  were im m ed ia te l y  p u t  In an excess o f  95% 
e t h a n o l  t o  a v o id  b a c t e r i a l  c o n t a m i n a t i o n .  I f  t h e r e  was any s u s p i c i o n  
t h a t  t h e  an imal  had begun t o  decay so t h a t  b a c t e r i a l  c o n t a m i n a t i o n  may 
have a l t e r e d  the  s t r u c t u r e  o f  the  b i l e  s a l t s ,  t he  specimen was n o t  used.
Specimens were i d e n t i f i e d  w i t h  th e  a i d  o f  The F re sh w a te r  F ishes  
(Eddy, 1957) ,  " F i s h e s "  (Moore, I 968 ) and "Know Your  Oklahoma F i s h e s "
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(Oklahoma Depar tment  o f  W i l d l i f e  C o n s e r v a t i o n ,  I 965 ) .  The common and 
s c i e n t i f i c  names o f  the  f i s h e s  r e f e r r e d  t o  in  t h i s  s tudy  a r e  th o se  
approved by t h e  Amer ican  F i s h e r i e s  S o c i e t y  ( B a i l e y ,  ejt , 1970) .
I s o l a t i o n ,  P u r i f i c a t i o n  and Subsequent Treatment  o f  B i l e  S a l t s  
General  p rocedu res  f o r  i s o l a t i n g  and p u r i f y i n g  b i l e  samples 
ar e  those o u t l i n e d  by Haslewood ( 1967a ) .  G a l l b l a d d e r s  w h ich  had been 
c o l l e c t e d  and s t o r e d  in an excess o f  95% e thano l  were c u t  i n t o  t i n y  
p ie c e s .  A f t e r  the  d e b r i s  was removed by f i l t r a t i o n ,  the  s o l v e n t  was 
evapora te d  l e a v i n g  a s o l i d  re s id ue  wh ich was washed w i t h  l i g h t  p e t ro le u m  
(b .p .  30- 60° )  t o  remove f a t t y  m a t e r i a l s .  T h i s  c rude  b i l e  sample was 
then ana lyzed  by t h i n - l a y e r  ch romatog raphy .
B i l e  A l c o h o l  S u l f a t e s  
Those b i l e  s a l t s  composed o f  b i l e  a l c o h o l  s u l f a t e s  were sub­
j e c t e d  t o  s o l v o l y s i s  by a p roce du re  des igned in ou r  l a b o r a t o r y .  Crude
d e f a t t e d  b i l e  s a l t s  (200 mg) were d i s s o l v e d  in c o n c e n t r a te d  f o r m i c  a c i d  
i s  ml )  w i t h  warming ( 5 0 - 7 0 ° ) ,  and l e f t  s eve ra l  hours o r  o v e r n i g h t .
( P a r t i a l  f o r m y l a t i o n  y i e l d s  a p r o d u c t  which is  s o l u b l e  in  d i o x a n e ) .
I he s o l u t i o n  was evapora te d  under  and f i n a l l y  in  a vacuum d e s s i c a t o r  
t o  remove a l l  f o r m i c  a c i d .  The f o r m y l a t e d  b i l e  s a l t  m i x t u r e  was d i s ­
so lved in 1 ,4 - d io x a n e  (10 ml)  and a m in u te  amount o f  s u l f u r i c  a c i d  in
d ioxane (0 .2  ml o f  a s o l u t i o n  c o n t a i n i n g  0.1 ml c o n c e n t r a t e d  1n
10 ml d ioxane )  added as c a t a l y s t .  S o l v o l y s i s  u s u a l l y  o c c u r r e d  im m ed ia te ly  
as i n d i c a t e d  by th e  f o r m a t i o n  o f  a f l u f f y  p r e c i p i t a t e .
On c o m p le t i o n  o f  s o l v o l y s i s ,  the d ioxane was e v a p o ra te d  under  
N^. Formyl groups were then removed by s a p o n i f i c a t i o n  w i t h  e t h a n o l i c
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KOH, l e a v i n g  the  f r e e  b i l e  a l c o h o l .  A c i d i f i c a t i o n ,  e x t r a c t i o n  w i t h  
e t h y l  a c e t a t e  and d r y i n g  w i t h  Na^SO^, l e f t  t h e  p r o d u c t  in  a c l e a r ,  p a l e  
y e l l o w  s o l u t i o n .  E v a p o r a t i o n  o f  th e  e t h y l  a c e t a t e  f o l l o w e d  by warming 
w i t h  ace to ne  y i e l d e d  t h e  c r y s t a l l i n e  p r o d u c t  in some cases .  In o t h e r  
i n s t a n c e s ,  the  p r o d u c t  had t o  be p u r i f i e d  by re v e rs e d -p h a s e  column 
ch rom atography  b e f o r e  i t  c o u ld  be c r y s t a l l i z e d .  In a l l  cases ,  r epe a te d  
c r y s t a l l i z a t i o n  t o  a c o n s t a n t  m e l t i n g  p o i n t  co nc lude d  th e  p u r i f i c a t i o n  
p r o c e d u re .
The w a t e r  s o l u t i o n  f rom wh ich  t h e  b i l e  a l c o h o l  was e x t r a c t e d  
was t r e a t e d  w i t h  BaCl^*  The r e s u l t a n t  p r e c i p i t a t i o n  o f  BaSO^ c o n f i r m e d  
t h e  c o n j u g a t i o n  w i t h  s u l f a t e .  In some cases th e  BaSO^ was f i l t e r e d ,  
d r i e d  and weighed t o  d e te rm ine  the  m o la r  r e l a t i o n s h i p  between the amount 
o f  s u l f a t e  vs .  the amount o f  b i l e  a l c o h o l  in the  c o n j u g a t e .  D u r in g  t h e  
p u r i f i c a t i o n  p ro c e s s ,  the  cou rse  o f  the  r e a c t i o n s  f o r  f o r m y l a t i o n ,  
s o l v o l y s i s  and s a p o n i f i c a t i o n  were m o n i to r e d  by t h i n - l a y e r  ch rom a tog ra p h y .
B i l e  A c i d  C on juga tes  
In  the  case o f  t h e  r i v e r  c a r p s u c k e r .  Carp iodes c a r p i o ,  (whose 
m a jo r  b i l i a r y  component was a b i l e  a c i d  c o n ju g a te d  w i t h  t a u r i n e )  the  
c r u d e  b i l e  s a l t s  ( I . I 8 g) were d i s s o l v e d  in  2N̂  NaOH (8 m l )  and hea ted  in  
a s t a i n l e s s  s t e e l  bomb a t  125° f o r  5 h r .  The h y d r o l y s a t e  was d i l u t e d  
w i t h  w a t e r ,  a c i d i f i e d  w i t h  12^ HC1 (2 ml)  and e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  
The washed e x t r a c t  was f i l t e r e d  th rough  Na^SO^ and taken  t o  sma l l  vo lume,  
whereupon a p r e c i p i t a t e  formed and was c o l l e c t e d  (320 mg) .  The f r e e  b i l e  
a c i d s  were ana ly z ed  by t h i n - l a y e r  ch ro m a to g ra p h y . P u r i f i c a t i o n  o f  t h e  
b i l e  a c i d  was ac h iev ed  th roug h  a s e r i e s  o f  c r y s t a l l i z a t i o n s  w i t h  th e  
f i n a l  c r y s t a l l i z a t i o n  f rom ace to ne .
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A n h y d r o - b i l e  A l c o h o l s  
A n h y d ro - fo rm s  o f  the  b i l e  a l c o h o l s  were i s o l a t e d  f rom B u f f a l o  
f i s h e s  ( I c t  i obus s p p . ) ,  th e  R io  Grande s u cke r  ( Catostomus p l e b i u s ) ,  and 
the Redhorses (Moxostome s p p . )  by u s in g  a m o d i f i c a t i o n  o f  t h e  p roc e du re  
o f  B r i d g w a t e r ,  e_l f j . '  (19&3) .  Crude b i l e  s a l t s  (1 g) were d i s s o l v e d  in 
HgO (2 .5  m l)  in a s t a i n l e s s  s t e e l  bomb. To t h i s  m i x t u r e ,  2N̂  NaOH (7*5 mi)  
was added so t h a t  th e  f i n a l  c o n c e n t r a t i o n  was 1 g c rude  b i l e  s a l t s  in 
10 ml I . 5 IN NaOH. The sea led  bomb was hea ted f o r  16 h r  a t  140°. The 
c o n t e n t s  were r i n s e d  ou t  w i t h  w a te r  and d i l u t e d  to  200 ml .  The h y d r o l ­
y s a te  was e x t r a c t e d  w i t h  b u tan o l  t o  remove t h e  a n h y d r o - a l c o h o l .
A n a l y t i c a l  and Chemical  Procedures
T h i n - l a y e r  Chromatography 
As i n d i c a t e d  p r e v i o u s l y ,  t h i n - l a y e r  ch rom atography  (TLC) was 
used e x t e n s i v e l y  t h r o u g h o u t  t h i s  s tu d y .  A n a ly s e s  were pe r fo rm ed u s in g  
s i l i c a  gel  H (Br inkmann I n s t r u m e n ts ,  W es tbu ry ,  N . Y . )  i n  250-pm la y e rs  
on g la s s  p l a t e s  p reg roun d  t o  t h a t  dep th  (Kon tes  G lass C o . ,  V in e la n d ,
N . J . ) .  S o l v e n t  systems a r e  d e s c r i b e d  be low .  Samples were d e te c te d  w i t h
an a n i s a ld e h y d e  sp ray  reagen t  (Kr  i t c h e v s k y ,  £ j_ . , 1963) wh ich  made i t  
p o s s i b l e  t o  d i s t i n g u i s h  some samples on the  b a s i s  o f  c o l o r .
T h i n - l a y e r  ch romatography  was used in t h e  i n i t i a l  q u a l i t a t i v e  
a n a l y s i s  o f  t h e  c rude  b i l e .  C o l o r  and R^ o f  spo ts  d e r i v e d  f rom samples
whose b i l e  s a l t  components were unknown were  compared w i t h  those  f rom
samples whose b i l e  s a l t  components were known. The S o lv e n t  system used 
f o r  c rude c o n ju g a t e d  b i l e  s a l t s  was m o d i f i e d  f rom Sasaki  ( I 966 ) :  e t h y l
a c e t a t e - b u t a n o l - a c e t i c  a c i d - w a t e r  ( 4 0 : 3 0 : 1 0 : 1 0 ) .  Free  b i l e  a c id s  and
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a l c o h o l s  were ana lyzed  w i t h  e th y l  a c e t a t e - m e t h a n o l - a c e t i c  a c i d  ( 8 5 : 1 0 : 5 ) .  
Permanent reco rds  were made by p h o to g ra p h in g  TLC p l a t e s  w i t h  P o l a r o i d  
c o l o r  f i l m  us in g  a P o l a r o i d  MP Land Camera.
Column Chromatography 
In some cases the  f r e e  b i l e  a l c o h o l  d i d  not  c r y s t a l l i z e  r e a d i l y  
a f t e r  e x t r a c t i o n .  I t  was then p u r i f i e d  by re ve rs e d -p h a se  column chrom­
a to g r a p h y .  The s u p p o r t  was H y f l o  Superce l  (Be rgs t rom  and S j o v a l l ,  1951) 
w i t h  c h l o r o f o r m - o c t a n o l  (1:1 v / v )  as the  s t a t i o n a r y  phase.  F i v e - m i l  11- 
l i t e r  f r a c t i o n s  o f  th e  moving phase,  m e th a n o l - w a te r  (52 :48  v / v ) ,  were 
c o l l e c t e d  in  t a r e d  tubes ,  evapo ra te d  t o  d r y n e s s ,  and th e  re s id u e s  de­
t e c t e d  by w e i g h t .  F r a c t i o n s  wh ich c o n t a i n e d  a s i g n i f i c a n t  amount o f  
m a t e r i a l  were ana ly zed  by TLC to  d e te r m in e  th e  p resence  o f  b i l e  a l c o h o l s .
G a s - l i q u i d  Chromatography 
G a s - l i q u i d  chromatog raphy  (GLC) was pe r fo rm ed w i t h  a P e r k i n -  
Elmer  Model 880 gas chromatograph hav in g  a l80-cm c o i l e d  g l a s s  column,
2mm ID, a t  260° and a f l o w  o f  35 m l /m l n .  In some cases GLC was p e r ­
formed w i t h  a V a r i a n  Model 1740 gas chrom atog raph ha v in g  a 150-cm c o i l e d  
g la s s  co lumn,  2 mm ID, a t  275° and a Flaw o f  50 m l / m i n .  Columns were 
packed w i t h  3% OV 17 on Gas Chrom Q. ( A p p l i e d  Sc ience  L a b o r a t o r i e s ,  S t a t e  
C o l l e g e ,  P a . ) .  Samples were c o n v e r te d  t o  t r i m e t h y l s i l y l  (TMS) e t h e r s  
f o r  GLC as f o l l o w s  (H orn ing  e_̂  aj_. , 1967) :  a sample (50 pg)  was d i s ­
s o l v e d  i n  b i S t r i m e t h y l s i l y l  ace tam ide  (25 p i ) ;  t r i m e t h y l  c h l o r o s i l a n e  
(5 p i )  was added as c a t a l y s t .  The sample was d i l u t e d  w i t h  m e thy lene  
c h l o r i d e  (25 p i )  p r i o r  t o  a n a l y s i s .  A l l  samples c o n ta in e d  methy l  c h o l a t e  
TMS e t h e r s  as an i n t e r n a l  s ta n d a r d .  O n e - m i c r o l i t e r  p o r t i o n s  (abou t  1 pg
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o f  o r i g i n a l  sample)  were i n j e c t e d  i n t o  the in s t r u m e n t .  R e l a t i v e  p r o ­
p o r t i o n s  o f  th e  components p r e s e n t  in GLC samples were d e te rm in e d  by 
compar ison o f  peak a reas  ( h e i g h t  x  base a t  h a l f  h e i g h t ) .
M e l t i n g  P o in ts
M e l t i n g  p o i n t s  were d e te rm ine d  w i t h  a Nalge Company (R o ch es te r ,  
N .Y . )  h o t - s t a g e  m e l t i n g - p o i n t  a p p a ra tu s  and a re  u n c o r r e c te d .  The m e l t i n g  
p o i n t s  r e p o r t e d  a re  those  taken  a f t e r  the f i n a l  c r y s t a l l i z a t i o n  when the 
c r y s t a l s  had been d r i e d  in  vacuo f o r  1 hr  a t  100° over  F^O^.
S p e c i f i c  R o t a t i o n s
S p e c i f i c  r o t a t i o n s  were de te rm in e d  a t  25° w i t h  a Franz Schmidt  
and Hoensch p o l a r i m e t e r  h a v in g  a 2-dm l i g h t  p a th .  Samples o f  t h e  h i g h ­
es t  p u r i t y  o b t a i n a b l e  h av in g  a c o n s t a n t  m e l t i n g  p o i n t ,  were d r i e d  in 
vacuo a t  100° ove r  F^O^ f o r  a t  l e a s t  one h o u r .  Ethanol  s o l u t i o n s  were 
used f o r  r o t a t i o n  d e t e r m i n a t i o n s .
A t  l e a s t  seven r e a d in g s  w ere  made w i t h  each eye .  The h igh  and 
low read ing s  f o r  each eye were  o m i t t e d  and th e  o t h e r  ten re a d in g s  a v e r ­
aged t o  o b t a i n  t h e  obse rved  r o t a t i o n .  S p e c i f i c  r o t a t i o n s  were  then 
c a l c u l a t e d  a c c o r d i n g  to  the  f o r m u l a :  'oHn = ---------- r  where i s  the
U C A  I u
s p e c i f i c  r o t a t i o n  o f  t h e  sample u s i n g  the sodium D l i n e  as t h e  l i g h t  
so u rc e ;  ot ,  the observed r o t a t i o n ;  c ,  the c o n c e n t r a t i o n  o f  t h e  m a t e r i a l  
in g / m l ; and 1, the  l e n g th  o f  the  l i g h t  path in dm.
I n f r a r e d  Spec t ra  
I n f r a r e d  s p e c t r a  ( IR)  were recorded  w i t h  a P e r k in - E lm e r  model 
21 s p e c t r o p h o to m e te r  and a Beckman IR 10 s p e c t r o p h o to m e te r ,  u s i n g  KBr
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p e l l e t s .  P r i o r  to  a n a l y s i s ,  samples were d r i e d  in vacuo o v e r  
a t  100° f o r  a t  l e a s t  one h o u r .
N u c le a r  M a g n e t i c  Resonance 
N u c le a r  magnet i c  resonance (NMR) s p e c t ra  were recorded  by Mr. 
Bob Hayes (Depar tment  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  Oklahoma, Norman, 
Oklahoma) w i t h  a V a r ia n  A-60 s p e c t r o m e t e r .  Samples were d i s s o l v e d  i n  
d e u t e r a t e d  p y r i d i n e  w i t h  t r i m e t h y l  s i  lane as th e  i n t e r n a l  s t a n d a r d .  
Spec t ra  were recorded  w i t h  a sweep t im e  o f  250 sec,  sweep w i d t h  500 hz 
and s p in  r a t e  40 rps .
Mass S pec t ra
Mass s p e c t r a  were reco rded  by Mr. K e i t h  K inneberg  (Depar tment  
o f  B i o c h e m i s t r y ,  Oklahoma S t a t e  U n i v e r s i t y ,  S t i l l w a t e r ,  Oklahoma) u s in g  
t h e  p rocedu re s  o f  W a l l e r  (1968)  on th e  p r o t o t y p e  LKB-9000 gas chrom­
atograph -mass  s p e c t ro m e te r  (LKB i n s t r u m e n t s ,  I n c . ,  R o c k v i l l e ,  M d . ) .
The ion  source  te m p e ra tu re  was 3 1 0° ,  probe te m pera tu re  140°.  S p e c t ra  
were reco rded  by d i r e c t  probe a t  70 ev  us in g  an a c c e l e r a t i n g  v o l t a g e  o f
3 .5  kv and a b r i e f  c u r r e n t  o f  60 (j,A. The source p re ss u re  was 5 x 1 0 ^  
, „ - 7Lu 1 X 10 iiiiri Hg. Per Fi uu rok e ros e ne  was used Fur pe a k -m a tch in g .  The 
s p e c t ra  were p l o t t e d  f rom t a b u l a r  i n t e n s i t y  d a ta .
D e r i v a t i v e s
The e t h y l  e s t e r  o f  a l l o c h o l i c  a c i d  f rom the R i v e r  c a r p s u c k e r  
(Carp iodes  c a r p i o ) was formed by d i s s o l v i n g  the a c i d  in  e th ano l  w h ic h  
c o n t a in e d  2% HgSO^ and a l l o w i n g  i t  t o  s tand  o v e r n i g h t .  I t  was c r y s t a l ­
l i z e d  f rom ace to ne .  The methy l  e s t e r  was formed by t r e a t i n g  t h e  a c i d  
d i s s o l v e d  in a m in u te  amount o f  methanol  w i t h  d iazomethane i n  e t h e r .
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The t e t r a - a c e t a t e s  o f  5 G - c y p r i n o l  f rom B u f f a l o  f i s h e s  ( I c t  i obus 
s p p . )  and o f  the  5 a - c h i m a e r o l - 5 Q - c y p r I n o l  complex f rom  th e  Golden r e d -  
horse (Moxostoma e r y t h r u r u m ) were p repa red  by d i s s o l v i n g  th e  sample in 
p y r i d i n e ,  add ing  a c e t i c  a n h y d r i d e  and l e a v i n g  o v e r n i g h t  a t  room temp­
e r a t u r e .  The s o l u t i o n  was d i l u t e d  w i t h  w a te r ,  a c i d i f i e d  and e x t r a c t e d  
w i t h  e t h e r  f rom wh ich the p r o d u c t  was o b ta in e d  a f t e r  e v a p o r a t i o n .  The 
t e t r a - a c e t a t e  was r e c r y s t a l l i z e d  s ev e ra l  t im es  w i t h  the f i n a l  c r y s t a l ­
l i z a t i o n  f rom a m i x t u r e  o f  e t h y l  e t h e r  and l i g h t  p e t r o le u m .
Chemica ls
The d e u t e r a t e d  p ^ y i d i n e  used in  the  NMR s t u d i e s  was 99% pu re ,  
purchased f r om  A l d r i c h  B iochem ica l  Co. ( A t l a n t a ,  G a . ) .  Po tass ium brom ide  
used in  making p e l l e t s  f o r  IR was o f  s p e c t r a l  q u a l i t y ,  purchased  f rom 
Matheson, Coleman and B e l l  ( C i n c i n n a t i ,  O h io ) .  A l l  o t h e r  c he m ic a ls  were 
reagen t  g rade .  S o l v e n t s  were r e d i s t i l l e d  b e fo r e  use.
CHAPTER
RESULTS
T h i r t e e n  sp ec ies  o f  sucke r  f i s h e s  were c o l l e c t e d  f o r  t h i s  
s tu d y -  T h i s  c o l l e c t i o n  i n c lu d e d  r e p r e s e n t a t i v e s  f rom e i g h t  o f  t h e  I I  
e x t a n t  genera o f  the  f a m i l y  C a tos tom ldae  o c c u r r i n g  in  N o r th  Am er ica .  
Specimens used in  t h i s  s t u d y ,  t h e i r  s c i e n t i f i c  and common names, a long  
w i t h  t h e i r  m a jo r  b i l i a r y  component a re  shown in  T a b l e  2.  The two genera 
no t  r e p re s e n te d  in t h i s  s tudy  ( Er imyzon and Xyrauchen)  a r e  b o th  l i m i t e d  
in  numbers and d i s t r i b u t i o n .  The Creek c hubsucke r ,  Er imyzon ob lonqus  
( M i t c h i l l ) ,  o ccu rs  in e a s t e r n  Oklahoma. However, in  r e c e n t  y e a rs  ve ry  
few specimens have been c o l l e c t e d  by th e  Oklahoma B i o l o g i c a l  Survey 
(S te vens ,  p e r s .  comm.). The Humpback s u c k e r ,  Xyrauchen texanus  ( A b b o t t ) ,  
occu rs  in th e  C o lo rado  and G i l a  R i v e r  systems in  Utah and A r i z o n a .  In 
1972, an a t t e m p t  was made by the  a u t h o r  t o  c o l l e c t  " H u m p ie s . "  On t h a t  
o c c a s io n ,  s e v e r a l  smal l  p o p u l a t i o n s  o f  "Humpies"  were s i g h t e d  i n  th e  
C o lo ra d o  R i v e r  0-20  m i l e s  be low Hoover  Dam in A r i z o n a .  However , in a l l  
cases th e  a n im a ls  were in deep p o o ls  ( 20-30  f e e t )  where th e  c u r r e n t  was 
s w i f t  and i t  was i m p o s s ib le  t o  c a p t u r e  any specimens w i t h  t h e  equipment  
a v a i l a b l e  a t  the  t im e .  One o t h e r  genus, L a g o c h i 1 a , i s  t h o u g h t  t o  be 
e x t i n c t  (Moore,  1968) .
There was l i t t l e  o r  no v a r i a t i o n  in th e  b i l e  s a l t s  found in 
s p e c ie s  w h ich  were members o f  t h e  same genus. Hence the  r e s u l t s  a r e
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T a b le  2. A L i s t  o f  S c i e n t i f i c  and Common Names o f  F i s h e s  used in  t h i s  S tudy  and th e  M a jo r  
B i l i a r y  Component in Each.
S c i e n t i f i c  Name Common Name M a jo r  B i l i a r y  
Component (s )
C a r p io d e s  c a r p i o  ( R a f i n e s q u e )  
Catos tomus  commerson i (Lac^pede)  
Catos tomus  m a c r o c h e i l u s  G i r a r d  
Ca tos tomus  p l e b i u s  B a i r d  & G i r a r d  
C hasm is tes  b r e v i  r o s t r i s  Cope 
C y c l e p t u s  e l o n g a t e s  ( L e s u e u r )
H y p e n t e l i u m  n i q r i c a n s  ( L e s u e u r )
I c t i o b u s  b u b a lu s  ( R a f i n e s q u e )  
I c t i o b u s  c y p r i n e l l u s  ( V a l e n c i e n n e s )  
M in y t re m a  melanops ( R a f i n e s q u e )
Moxostoma c a r i n a t u m  (Cope)
Moxostoma duque sne i  (Le s u e u r )
Moxostoma e r y t h r u r u m  ( R a f i n e s q u e )
R i v e r  c a r p s u c k e r  
W h i t e  s u c k e r  
L a r g e s c a l e  s u c k e r  
R io  Grande s u c k e r  
S h o r t n o s e  s u c k e r  
B l u e  s u c k e r
N o r t h e r n  ho g s u c k e r
Smal l  mouth b u f f a l o  
B igm ou th  b u f f a l o  
S p o t t e d  s u c k e r
R i v e r  r e d h o r s e
B l a c k  r e d h o r s e
Golden r e d h o r s e
5a
5a
a 11o c h o l i e  a c i d
5a -  c h im a e r o l
5a -  c h im a e r o l
5a -  c h im a e r o l
5a -  c h im a e r o l
5a -  c h im a e r o l  ( 65%) 
5a -  c y p r i n o l  (35%)
c h im a e r o l  (74%) 
c y p r i n o l  (22%)
5a -  c y p r  i n o l
5a -  c y p r  i n o l
5a -  c h i m a e r o l  (49%) 
5a -  c y p r i n o l  (51%)
5a -  c h im a e r o l  (80%) 
5a -  c y p r i n o l  (20%)
5a -  c h i m a e r o l  (87%) 
5a -  c y p r i n o l  (13%)
5a  -  c h im a e r o l  ( 82%) 
5a -  c y p r i n o l  (18%)
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r e p o r te d  f o r  each genus s t u d i e d .  I n f r a r e d ,  NMR and mass s p e c t r a  a re  
reco rded  in Append ices  I ,  I I ,  and I I I ,  r e s p e c t i v e l y .
Genus Carp i  odes
The R iv e r  c a r p s u c k e r ,  C a rp iode s  c a r p i o ^ i s  th e  o n l y  spec ies  
c o l l e c t e d  f rom t h i s  genus.  T h i s  i s  the  o n l y  c a t o s t o m i d  genus whose 
m a jo r  b i l i a r y  component was a a c i d  c o n ju g a te d  w i t h  t a u r i n e .
T h i n - l a y e r  chrom atography  o f  the  c rude  b i l e  s a l t s  showed two 
s p o t s ;  the  m a jo r  component had an R^ s l i g h t l y  less  than t h a t  o f  t a u r o -  
c h o l a t e  and th e  m ino r  component had an R^ s i m i l a r  t o  t h a t  o f  5 & - c y p r i n o l  
s u l f a t e .  T h i n - l a y e r  chrom atography  o f  the  f r e e  b i l e  a c i d  showed a s i n g l e  
subs tance  wh ich  was more p o l a r  than  c h o l i c  a c i d .  G a s - l i q u i d  ch rom a to ­
graphy o f  th e  TMS methy l  e s t e r  o f  t h e  a c i d  showed a r e t e n t i o n  t im e  o f
0.885  r e l a t i v e  t o  TMS methy l  c h o l a t e  (T a b le  3 ) -  T h i s  co r responds  c l o s e l y  
w i t h  th e  0.875  r e l a t i v e  r e t e n t i o n  t im e  f o r  TMS methy l  a l l o c h o l a t e  
r e p o r t e d  by Anderson and Haslewood (197 0 ) .  G a s - l i q u i d  ch romatography 
o f  th e  n e u t r a l  m a t e r i a l  f rom a l k a l i n e  h y d r o l y s i s  o f  R i v e r  c a rp su ck e r  
b i l e  showed a s i n g l e  peak w i t h  a r e l a t i v e  r e t e n t i o n  t im e  o f  I . 76 . T h i s  
co r responds  t o  the  r e l a t i v e  r e t e n t i o n  f o r  a n h y d ro -5 C t -cy p r in o l  (1 .7 5 )  
r e p o r t e d  by Anderson and Haslewood (1970 ) .
The f r e e  a c i d ,  c r y s t a l l i z e d  f rom a c e tone ,  showed a m e l t i n g
p o i n t  o f  246-248° (T a b le  4 ) .  T h i s  is c l o s e  t o  th e  m e l t i n g  p o i n t  (250-  
251° )  r e p o r t e d  by M i t r a  and E l l i o t t  (1968)  f o r  t h e i r  s y n t h e t i c  a l l o ­
c h o l i c  a c i d .  Anderson and Haslewood (1962)  r e p o r t  a m e l t i n g  p o i n t  o f  
239 -241 °  f o r  a l l o c h o l i c  a c i d ,  but  they  i n d i c a t e d  t h a t  t h e i r  c r y s t a l s  
c o n ta in e d  a c e to ne .  The m e l t i n g  p o i n t  f o r  the  e t h y l  e s t e r  was 226-227°,  
which agrees w i t h  the v a l u e  f o r  e t h y l  a l l o c h o l a t e  r e p o r t e d  by Haslewood
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T a b le  3 . G a s - l i q u i d  chromatography d a ta .  For each sample,  the t y p e  o f  
compound, the number o f  peaks,  r e t e n t i o n  t im e  r e l a t i v e  t o  TMS 
methy l  c h o l a t e  and per  c e n t  o f  th e  sample a r e  shown.
Species Compound Peak No. R e l . Ret .T ime % Sample
Carp iodes  c a r p i o methy l  e s t e r  







Catostomus commersoni a l c o h o l 1 1 .45b 100
Catostomus m a c r o c h e i l u s a l c o h o l 1 1 . 47b 100
Catostomus p l e b i u s a 1cohol







Chasmistes b r e v i r o s t r i s a 1cohol 1 1 . 47b 100















I c t i o b u s  bubalus a l c o h o l 1 1.86b 100
I c t i o b u s  c y p r i n e l l u s a l c o h o l 1 1.86b 100




















Moxostoma e r y t h r u r u m a lc o h o l













a = samples run on V a r i a n  a t  275 ; f l o w  50 m l /m i n .  
b = samples run on P e r k in - E lm e r  a t  260° ;  f l o w  35 m l /m in .
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T ab le  4.  M e l t i n g  p o i n t s  o f  th e  m a jo r  component c r y s t a l l i z e d  f rom v a r i o u s  
s p e c ie s .  In cases where some o t h e r  form o f  th e  m a jo r  component 
was produced ,  a m e l t i n g  p o i n t  is  l i s t e d  f o r  t h e  d e r i v a t i v e .
Species M e l t i n g  
M a jo r  Component
P o i n t  ( ’ C)
Der i  v a t i v e s
Carp iodes c a r p i o 246-248 225-226 ( e t h y l  e s t e r )
Catostomus commersoni 234-235
Catostomus m a c ro c h e i lu s 233-234
Catostomus p l e b i u s 235-236 220-221 ( a n h y d r o - a l c o h o l )
Chasmistes b r e v i r o s t r i s 234-236
i c t i o b u s  bubalus 243-244
1c t i o b u s  c y p r i ne 11 us 
Minytrema melanops
243-244
2 3 9 - 2 4 1
109-111 & 135-138 'C 
( t e t r a - a c e t a t e )
M r > v n c 1 * n m a  r l i  m  *-*o Î n ?  n  n l , ni - j j -
Moxostoma e r y t h r u r u m 238-239 133-137 ( t e t r a - a c e t a t e )
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(1961)  and by M i t r a  and E l l i o t t  (1968)  ( 2 2 5 - 2 2 6 °  in  both c a s e s ) .  E th y l  
a l l o c h o l a t e  has +  2 4 . 8 ° ,  +2°  (T a b le  5 ,  c  =  2 . 0  in e t h a n o l ) .
Haslewood (1961)  r e p o r t s  + 2 3° ,  +  2 ° .  The i n f r a r e d  spec t rum (Appendix  
I )  f o r  th e  f r e e  a c i d  is  i d e n t i c a l  t o  t h a t  p u b l i s h e d  f o r  a l l o c h o l i c  a c id  
(Anderson and Haslewood,  1962) .
The a c i d  was p r o b a b l y  c o n ju g a te d  w i t h  t a u r i n e  s i n c e  the  
o f  the c rude  b i l e  s a l t  on TLC was c l o s e r  t o  th e  o f  t a u r o c h o l a t e  
than t o  t h a t  o f  g l y c o c h o l a t e .  However, no s p e c i f i c  t e s t  was done to  
p rov e  th e  p resence  o f  t a u r i n e  in  t h e  c o n j u g a t e .
Genus Catostomus
The genus Catostomus was r e p r e s e n te d  by t h r e e  s p e c i e s :  C_. 
commerson i , C_. macrochei  1 u s , and C_. p l e b i u s . The data f o r  a l l  t h r e e  
were s i m i l a r .  T h i n - l a y e r  ch romatography  showed two s p o t s :  th e  m a jo r
component had an R^ s l i g h t l y  g r e a t e r  than  t h a t  o f  5 # - c y p r i n o l  s u l f a t e  
w i t h  the  s o l v e n t  system EtOAc:BuOH:HOAc:H2,0 :MeOH ( 4 0 : 3 0 : 1 0 : 1 0 : 1 0 ) .
T h i s  R^ d i f f e r e n c e  was r e p r o d u c i b l e ,  b u t  n o t  g r e a t  enough t o  s e p a ra te  
the  compounds. In a d d i t i o n ,  t h i s  m a jo r  sub s tanc e  d i f f e r e d  f r om  5& -cyp -  
r i n o l  s u l f a t e  in  t h a t  i t s  TLC c o l o r  was more b l u e .  The m in o r  component 
was s l i g h t l y  more p o l a r  th a n  th e  m a jo r  one.  However , i t  appeared t o  
be less  than 5% o f  the  t o t a l  and was no t  f u r t h e r  i n v e s t i g a t e d .  A n a l y s i s  
by TLC o f  th e  f r e e  a l c o h o l  showed o n l y  a s i n g l e  spo t  wh ich  was not 
s e p a ra b le  a t  a l l  f rom 50! - c y p r i n o l , a l t h o u g h  i t  d i d  s t i l l  show th e  c o l o r  
d i f f e r e n c e .  The anhydro  compound o b t a i n e d  by a l k a l i n e  h y d r o l y s i s  o f  
b i l e  f rom C_. p l e b i u s  showed the  same R^ on TLC as a n h y d r o - 5 G - c y p r i n o l .  
The a n h y d r o - f o rm  o f  t h e  compound a l s o  showed t h e  b l u e  c o l o r  d i f f e r e n c e .
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T a b le  5.  S p e c i f i c  r o t a t i o n  o f  the ma jo r  b i l i a r y  component  o f  th e  v a r i o u s  
spec ies  s t u d i e d .  For C a rp iodes  c a r p i o , th e  s p e c i f i c  r o t a t i o n  
was d e te rm ined  f o r  th e  d e r i v a t i v e ,  e t h y l  a l l o c h o l a t e .  In a l l  
o t h e r  s p e c ie s ,  the  s p e c i f i c  r o t a t i o n  was d e te rm in e d  f o r  the 
f r e e  a l c o h o l .  CC is  t h e  observed r o t a t i o n  u s in g  the  sodium D 
l i n e  as a l i g h t  s o u rc e ;  c i s  the c o n c e n t r a t i o n  o f  t h e  compound 
in a b s o l u t e  e t h a n o l ,  exp ressed  in g /1 00  m l ;  is  t h e  c a l ­
c u l a t e d  o r  s p e c i f i c  r o t a t i o n .
Spec ies “ d c [ a ] ,  ±2-
C arp io des  c a r p i o 1 .0 2.02 24 .8
Catostomus m a c ro c h e i lu s 1.03 1.59 3 2 .4
Chasmis tes  b r e v i r o s t r i s 1 .36 2.10 32 .3
I c t i o b u s  bubalus 1 .24 2.15 2 8 .8
l e t  iobus c y p r  i n e l lus 1.12 2.02 27 .7
Miny t rema melanops 1.13 2.10 26 .9
Moxostoma duquesnei 1.18 2.06 28 .7
Moxostoma e r y th r u r u m 1.38 2.20 3 1 . 4
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G a s - l i q u i d  ch rom atography  o f  th e  f r e e  a l c o h o l  showed a s i n g l e  
peak w i t h  a r e t e n t i o n  t im e  o f  1 . 4 5 - 1 . 4 7  (Tab le  3) r e l a t i v e  t o  TMS methy l  
c h o l a t e .  T h i s  co r respond ed  c l o s e l y  t o  t h e  r e l a t i v e  r e t e n t i o n  t im e  o f  
1.42 r e p o r t e d  by Anderson and Haslewood (1970)  f o r  5&-ch im aero1 .  The 
a n h y d r o - a l c o h o l  f rom £ .  p l e b i u s  appeared as a s i n g l e  peak on GLC w i t h  
a r e l a t i v e  r e t e n t i o n  t im e  o f  1 .21 .  Anderson  and Haslewood (1970)  
r e p o r t  a r e l a t i v e  r e t e n t i o n  t im e  o f  1 .20 f o r  a n h y d r o - 5 o : - c h im a e r o l .
M e l t i n g  p o i n t s  f o r  t h e  a l c o h o l  f rom these  t h r e e  s p e c ie s  w ere :
234-235°,  233 -234° and 2 3 5 -23 6 ° ,  r e s p e c t i v e l y .  These a re  e s s e n t i a l l y
the same as th e  m e l t i n g  p o i n t  ( 234 -2 35 ° )  r e p o r t e d  f o r  5Ql-chimaerol  by 
Anderson and Haslewood (1 97 0 ) .  The a n h y d r o - a l c o h o l  had a m e l t i n g  p o i n t  
o f  220-222° wh ich  a l s o  co r respon d ed  t o  Anderson and H as lew ood 's  (1970) 
r e p o r t e d  m e l t i n g  p o i n t  o f  22 1 -222 ° .
The a l c o h o l  f r om  C_. mac roche i  lu s  (Tab le  5) had + 3 2 . 4 ° .
T h is  is in  t h e  + 2°  range o f  + 3 3 . 5 °  r e p o r t e d  by Anderson and Haslewood 
( 1970) .  The i n f r a r e d  spec t rum was s i m i l a r  t o  t h a t  o f  5 o : -c y p r ino  1 ; 
Anderson and Haslewood (1970)  a l s o  found th e  s p e c t r a  o f  5Q l -cyp r ino l  
and 5o:-chimaero l  t o  be s i m i l a r .  The IR s p e c t r a  o f  t h e  a l c o h o l  f rom
a l l  t h r e e  s p ec ies  were i d e n t i c e l  (Appendix. ! ) ,  N u c le a r  m a g n e t i c  r e s o n ­
ance s p e c t r a  f r om  these  samples show chem ica l  s h i f t s  w h ic h  a r e  t h e  same 
as those  r e p o r t e d  f o r  5 # - c h im a e r o l  (Tokes ,  1970) and a re  a l l  i d e n t i c a l  
(Appendix  11) .  The mass spec t rum o f  t h e  a l c o h o l  f rom C_. macrochei  1 us 
(Appendix  M i )  shows the  same m o l e c u l a r  ion and m/e peaks as Tokes 
( 1970) r e p o r t e d  f o r  5 & - c h im a e r o l .
The a l c o h o l  was shewn t o  be c o n ju g a t e d  w i t h  s u l f a t e .  How­
e v e r ,  t h e  BaSO^ was n o t  q u a n t i t a t i v e l y  d e te r m in e d .  The m o b i l i t y  o f
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t h e  c o n ju g a te d  b i l e  s a l t  on TLC i n d i c a t e d  one s u l f a t e  group pe r  a l c o h o l  
m o ie t y .
Genus Chasmistes
Chasmistes b r e v i r o s t r i s  is  the o n l y  r e p r e s e n t a t i v e  s t u d i e d  
f rom t h i s  genus. T h i n - l a y e r  chromatography o f  the  c r u d e  b i l e  showed 
a s i n g l e  spo t  w i t h  the  same as t h a t  o f  5<T-cypr ino l  s u l f a t e ,  but  w i t h  
th e  b lu e  c o l o r  d i f f e r e n c e  t h a t  was seen w i t h  t h e  b i l e  s a l t  f rom members 
o f  th e  genus Catos tomus. T h i n - l a y e r  ch romatog raphy  o f  th e  f r e e  a l c o h o l  
a l s o  showed a s i n g l e  spot  w i t h  th e  same as t h a t  o f  5 # - c y p r i n o l ,  but  
w i t h  t h e  b l u e  c o l o r .  G a s - l i q u i d  chrom atog raphy  showed a s i n g l e  peak 
w i t h  t h e  r e l a t i v e  r e t e n t i o n  t im e  o f  1.47 (T ab le  3 ) ,  c h a r a c t e r i s t i c  o f  
5& -c h im ae ro l  (Anderson and Haslewood, 1970)« The c rude  b i l e  was not  
s u b j e c te d  t o  a l k a l i n e  h y d r o l y s i s  t o  o b t a i n  the a n h y d r o - f o rm  o f  the 
a 1c o h o l .
The m e l t i n g  p o i n t  (235 -236° )  and s p e c i f i c  r o t a t i o n  (+ 32 .3 ° )  
o f  the  f r e e  a l c o h o l  co r responded  t o  th e  va lu e s  r e p o r t e d  by Anderson and 
Haslewood (1970)  f o r  5 Q - c h im a e r o l . The NMR spec t rum f rom t h i s  a l c o h o l  
(Append ix  11) is  a l s o  s i m i l a r  t o  t h a t  r e p o r t e d  by Tokes (1970 ) .
The a l c o h o l  was shown t o  be c o n ju g a te d  w i t h  s u l f a t e .  However, 
the BaSO^ was not  q u a n t i t a t i v e l y  d e te rm in e d .  The m o b i l i t y  o f  th e  con­
j u g a t e d  b i l e  on TLC i n d i c a t e d  one s u l f a t e  group p e r  a l c o h o l  m o ie t y .
Genus Cyc1eptus
C y c le p tu s  is  a m ono typ ic  genus c o n t a i n i n g  o n l y  th e  Blue sucker ,  
C_. e l  o n q a tu s . T h i n - l a y e r  chromatography o f  th e  c rud e  b i l e  s a l t s  showed 
t h r e e  d i s t i n c t  s p o t s :  th e  m a jo r  spo t  had the  same R^ as t h a t  o f  ^cc -
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c y p r i n o l  s u l f a t e  w i t h  an i n d e t e r m i n a t e  c o l o r — sometimes a p p e a r in g  more 
red l i k e  t h a t  o f  S ^ - c y p r i n o l  s u l f a t e ,  sometimes more b lu e  l i k e  t h a t  o f  
5 a -c h im a e ro l  s u l f a t e .  One m in o r  component m ig r a te d  s l i g h t l y  f a s t e r  t h an ,  
b u t  was s e p a ra te  f r om ,  the  m a jo r  component,  t h e  o t h e r  moved more s l o w l y  
th a n ,  b u t  was J u s t  s e p a ra te  f r o m ,  th e  ma jo r  component.  N e i t h e r  o f  the 
two m ino r  spo ts  had an c h a r a c t e r i s t i c  o f  any known b i l e  s a l t .
N e i t h e r  o f  these m ino r  subs tances  was ana lyzed f u r t h e r .
G a s - l i q u i d  ch romatography  o f  the f r e e  a l c o h o l  f rom t h e  B lue  
su cke r  (which showed a s i n g l e  s p o t ,  l i k e  t h a t  o f  5 a - c y p r i n o l  on TLC) 
showed two d i s t i n c t  peaks ( T a b le  3)» The f i r s t  (and l a r g e r )  peak had a 
r e l a t i v e  r e t e n t i o n  t im e  o f  1 .40 and compr ised 65% o f  th e  t o t a l  f r a c t i o n .  
The second peak had a r e l a t i v e  r e t e n t i o n  t im e  o f  1.77 and com pr is ed  35% 
o f  th e  f r a c t i o n .  These r e t e n t i o n  t im e s  suggest  5 a -c h im a e ro l  and 50:- 
c y p r i n o l ,  r e s p e c t i v e l y .
A l t h o u g h  th e  a l c o h o l  f rom  the  Blue sucke r  was p u r i f i e d  by 
r ev e rsed -pha se  column ch rom a to g ra p h y ,  i t  was no t  p o s s i b l e  t o  o b t a i n  
c r y s t a l s .  T h e r e fo r e  t h e r e  a r e  no da ta  f o r  m e l t i n g  p o i n t ,  IR s p e c t r a  or  
s p e c i f i c  r o t a t i o n .  The b i l e  a l c o h o l  f rom th e  Blue sucker  was shown to  
be c o n ju g a te d  w i t  h s u l f a t e  (T a b le  6 ) ,  l i av ing  one s u l f a t e  pe r  a i c o n o i  
m o ie t y  in  the c o n ju g a t e .
Genus H y p e n t e l i  um
The N o r t h e r n  h o g s u c k e r ,  H_. ni q r i  cans,  i s  the  o n l y  r e p r e s e n t a ­
t i v e  s t u d i e d  f rom t h i s  genus.  T h i n - l a y e r  chromatography o f  t h e  c rude  
b i l e  showed a s i n g l e  spo t  w i t h  an R^ s i m i l a r  t o  t h a t  o f  50 - c y p r i n o 1 
s u l f a t e ,  bu t  hav ing  an i n d e t e r m i n a t e  c o l o r  l i k e  t h a t  o f  th e  main com­
ponen t  f rom the  Blue s u c k e r .  T h i n - l a y e r  chromatography o f  t h e  f r e e
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T a b le  6.  S u l f a t e  c o n j u g a t i o n  as de te rm ined  by BaSO^ p r e c i p i t a t i o n .
Compar ison o f  m o la r  amounts o f  f r e e  a l c o h o l  w i t h  s u l f a t e  
r e le a s e d  i n d i c a t e s  the  number o f  moles o f  s u l f a t e  c o n j u ­










C yc lep tu s  e lo n q a tu s 535 1.18 280 1.19
H y pen te l i u m  n i g r i c a n s 158 0 .3 34 79 0 .338
Minyt rema melanops 493 1 .09 209 0 .9 4
Moxostoma duquesnei 603 1.33 322 1.38
Moxostoma e rv thn . in im A in 1.35 320 1.36
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a l c o h o l  a l s o  showed a s i n g l e  spo t  w i t h  an l i k e  t h a t  o f  5 a - c y p r i n o l  
and an i n d e t e r m i n a t e  c o l o r .
G a s - l i q u i d  ch romatography  o f  t h e  f r e e  a l c o h o l  showed t h r e e  
peaks (T ab le  3 ) .  One t i n y  peak (4% o f  th e  samp le ) ,  had a r e l a t i v e  r e ­
t e n t i o n  t im e  o f  1. 27 , wh ich  was not  comparable t o  t h a t  o f  any known b i l e  
a l c o h o l .  The ma jo r  component (74% o f  th e  sample)  had a r e l a t i v e  r e t e n ­
t i o n  t im e  o f  1.40 and was i d e n t i f i a b l e  w i t h  SQ-chimaero l  (Anderson and 
Haslewood, 1970) .  The t h i r d  peak (22% o f  the sam p le ) ,  had a r e l a t i v e  
r e t e n t i o n  t ime  o f  I .76  wh ic h  was comparable t o  t h a t  o f  5o : - c y p r i n o l  
(Anderson and Haslewood, 1970) .
A l t h o u g h  th e  f r e e  a l c o h o l  f rom the  N o r th e r n  hogsucke r  was 
p u r i f i e d  by re ve rse d -ph a se  column chrom atography ,  i t  was no t  p o s s i b l e  
t o  o b ta i n  c r y s t a l s .  Hence t h e r e  a re  no data f o r  m e l t i n g  p o i n t ,  IR 
s p e c t ra  or  s p e c i f i c  r o t a t i o n .  The b i l e  a l c o h o l ( s )  f rom th e  N o r th e rn  
hogsucke r  was shown t o  be c o n ju g a t e d  w i t h  s u l f a t e  (Tab le  6 ) ,  hav ing  
one s u l f a t e  pe r  a l c o h o l  m o ie t y  in the  c o n j u g a t e .
Genus I c t i o b u s
The genus I c t i o b u s  is  rep res en te d  by samples known t o  come 
f rom the Smal lmouth b u f f a l o ,  I . buba1 u s , and the  Bigmouth b u f f a l o ,  I . 
c y p r i  n e l 1 u s . In a d d i t i o n ,  a l a r g e  sample o f  b i l e  c o l l e c t e d  by a com­
m e r c ia l  f i s h e rm a n  f rom " B u f f a l o  f i s h e s "  which und ou b ted ly  c o n ta in e d  
b i l e  f rom the B lac k  b u f f  a 1 o, J[_̂  n i g e r ,  as w e l l  as f rom J_^ buba 1 us and j_; 
c y p r i n e l 1 us, was a n a l y z e d .  No d i f f e r e n c e s  were found in any o f  these 
samples.
T h i n - l a y e r  ch romatography  o f  t h e  c rude  b i l e  f rom  th e  B u f f a l o  
f i s h e s  r e s u l t e d  in a m a jo r  s p o t  w i t h  R^ and c o l o r  i d e n t i c a l  t o  those o f
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5 o : -cy p r in o l  s u l f a t e .  A ve ry  m ino r  component  had and c o l o r  s u g g e s t in g  
t a u r o a l l o c h o l a t e ,  a l t h o u g h  i t s  i d e n t i t y  was no t  c o n f i r m e d .  T h i n - l a y e r  
chromatog raphy  o f  the f r e e  a l c o h o l  showed a s i n g l e  spo t  w i t h  t h e  same 
and c o l o r  as 5 a - c y p r i n o l .
G a s - l i q u i d  ch romatography o f  t h e  f r e e  a l c o h o l  f rom bo th  I . 
buba lus and c y p r  i n e l 1 us produced a s i n g l e  peak wi th a r e l a t i v e  r e t e n ­
t i o n  t im e  o f  1 .86 in bo th  cases (Tab le  3 ) .  T h i s  agrees w i t h  t h e  r e l a t i v e  
r e t e n t i o n  t im e  o f  5 G - c y p r i n o l  r e p o r te d  by Anderson and Haslewood (1970 ) .
M e l t i n g  p o i n t s  f o r  the c r y s t a l l i n e  a l c o h o l  f rom B u f f a l o  f i s h e s  
were 243 -244° .  T h i s  is  c l o s e  t o  the 242° m e l t i n g  p o i n t  r e p o r t e d  f o r  
5 a - c y p r i n o l  by Anderson ^  a_l_. (1964 ) .  The t e t r a - a c e t a t e  d e r i v a t i v e  o f  
t h e  a l c o h o l  underwent  th e  doub le  m e l t i n g  p o i n t  (Tab le  4)  r e p o r t e d  f o r  
50 - c y p r i n o l  t e t r a - a c e t a t e .  Anderson e t  a 1. (1964) r e p o r te d  110 .5 °  and 
137-5-139°  as th e  m e l t i n g  p o i n t  f o r  t h e i r  5 G - c y p r i n o l  t e t r a - a c e t a t e .
The t e t r a - a c e t a t e  f rom th e  B u f f a l o  f i s h e s  m e l te d  a t  199-111° and 135- 
138° .  The s p e c i f i c  r o t a t i o n  o f  the  f r e e  a l c o h o l  (Tab le  5) was 2 8 .8 °  
f o r  the  sample f rom buba1 us and 2 7 - 7°  f o r  th e  sample f rom  _K_ c yp r  i n e l l u s . 
Both va lues  a r e  s l i g h t l y  lo w er ,  bu t  w i t h i n  the +  2 °  range o f  th e  [a
The IR sp e c t ra  f rom bo th the  a l c o h o l  and the a n h y d r o - a l c o h o l  
f rom the B u f f a l o  f i s h e s  (Appendix  I ) a re  i d e n t i c a l  t o  those  p u b l i s h e d  
f o r  5 G - c y p r i n o l  and anhydro -5o ; - cyp r  i nol  (Anderson,  e^  aj_. , 1964) .  In 
a d d i t i o n ,  th e  NMR spect rum (Appendix  I I ) shows the  same chemica l  s h i f t s  
as those  r e p o r t e d  f o r  50 - c y p r i n o l  (C ross ,  1964) .
No BaCl2 p r e c i p i t a t i o n  t e s t  was done t o  d e te rm in e  th e  type  
o f  c o n j u g a t i o n .  However, c o n j u g a t i o n  w i t h  one mole o f  s u l f a t e  was
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i n f e r r e d  f rom th e  s i m i l a r i t y  in between th e  c rude  b i l e  f r om  B u f f a l o  
f i s h e s  and known S ^ - c y p r i n o l  s u l f a t e  f rom the c a rp .
Genus Mi nytrema
M Î nyt rema i s  a m o no ty p ic  genus c o n t a i n i n g  o n l y  th e  Spo t ted  
s ucke r ,  M. m e lanops . T h i n - l a y e r  chromatography o f  t h e  c rude  b i l e  sample 
produced a s i n g l e  spo t  w i t h  t h e  o f  g a - c y p r i n o l  s u l f a t e  and w i t h  the 
in d e t e r m i n a t e  c o l o r  seen w i t h  the  samples f rom the  B lue  sucke r  and the 
Hog sucker .  T h i n - l a y e r  chrom atography  o f  the f r e e  a l c o h o l  a l s o  r e s u l t e d  
in a s i n g l e  spo t  w i t h  the R^ o f  5c< -cypr ino l  and th e  i n d e t e r m i n a t e  red -  
b lu e  c o l o r .
G a s - l i q u i d  chromatography  o f  the  f r e e  a l c o h o l  showed two 
d i s t i n c t  peaks o f  abou t  equal  i n t e n s i t y  (Tab le  3 ) .  The f i r s t  peak had 
a r e l a t i v e  r e t e n t i o n  t im e  o f  1 .40 and c o n ta in e d  4 %  o f  the  sample;  the 
second peak had a r e l a t i v e  r e t e n t i o n  t im e  o f  l . ? 6  and c o n ta i n e d  51% o f  
th e  sample.  These peaks co r re s p o n d  to  5# -c h im a e ro l  and 5 & - c y p r i n o l ,  
r e s p e c t i v e l y  (Anderson and Haslewood, 1970) .
The m e l t i n g  p o i n t  o f  the c r y s t a l s  o b ta in e d  f rom t h i s  sample 
was c o n s ta n t  and s h a rp ,  2 3 9 -7 ^ 1 ° .  T h i s  m a l t i n g  pu inL  i s  somewhat low 
f o r  5 a - c y p r i n o ] ,  w h ich  was r e p o r t e d  as 242° (Anderson,  ; 1964)
and found to  be 243 -2 44 °  in  the  p r e s e n t  s tudy  (sample f rom I c t i o b u s  s p p . ) .  
However, i t  i s  t o o  h ig h  f o r  SQ^chimaerol  wh ich was r e p o r t e d  as 234 -235° 
(Anderson and Haslewood,  1970) ,  and a l s o  found to  be 234 -235 °  in th e  
p r e s e n t  s tud y  (samples f rom Catostomus s p p . ) .  The IR spec t rum i s  s i m i l a r  
t o  t h a t  o f  5 G - c y p r i n o l  and 5 & - c h i m a e r o l ;  but  these  two a r e  s i m i l a r  t o  
each o t h e r  as i n d i c a t e d  by Anderson and Haslewood (1 970 ) .
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The s p e c i f i c  r o t a t i o n  f o r  t h e  f r e e  a l c o h o l  was +  2 6 . 9 ° .  T h i s  
is  lower  than th e  +  29° r e p o r t e d  f o r  5 a - c y p r i n o 1  by Anderson ,  e t  a l .  
( 1 9 6 4 ) .  The b i l e  a l c o h o l ( s )  f rom th e  S p o t te d  s u c k e r  was shown t o  be 
c o n ju g a te d  w i t h  s u l f a t e  (Tab le  6 ) ;  h a v in g  one s u l f a t e  p e r  a l c o h o l  m o ie t y  
in  th e  c o n j u g a t e d  b i l e  s a l t .
Genus Moxostoma
T h i s  genus is  rep re se n te d  by t h r e e  s p e c i e s :  t h e  R iv e r  re d ­
ho rse ,  c a r i n a t u m ; the B lack  red ho rs e ,  ^  d u q u e s n e i ; and th e  Golden 
re d ho rs e ,  M. e r y t h r u r u m . No s i g n i f i c a n t  d i f f e r e n c e s  were noted in  the  
data f o r  th e  b i l e  s a l t s  o f  these  t h r e e  s p e c i e s .  T h i n - l a y e r  chromatograms 
o f  the c rud e  b i l e  showed a s i n g l e  spo t  w i t h  th e  o f  S a - c y p r i n o l  s u l f a t e ,  
whose c o l o r  was i n d e t e r m i n a t e - - b e i n g  n e i t h e r  th e  r e d d i s h  c o l o r  f rom 5®“  
c y p r i n o l ,  no r  b lu e  as w i t h  5<T-chimaerol . T h i n - l a y e r  ch romatog raphy  o f  
th e  f r e e  a l c o h o l  produced a s i n g l e  s p o t  w i t h  the  R^ o f  S ^ - c y p r i n o l ,  but  
w i t h  t h e  same i n d e t e r m i n a t e  c o l o r .
The m e l t i n g  p o i n t  f o r  the  c r y s t a l s  o b t a i n e d  f r om  M. duquesnei  
and M. e r y t h r u r u m  was 239-240°  and 2 3 8 -23 9 ° ,  r e s p e c t i v e l y  (Table 4 ) .
T h i s  sugges te d  the  p o s s i b i l i t y  o f  a new compound, s i n c e  th e  m e l t i n g  
p o i n t  was i n t e r m e d i a t e  between t h a t  r e p o r t e d  f o r  S ^ -c h im a e ro l  (234 -235 ° ,  
Anderson and Haslewood,  1970) and t h a t  r e p o r t e d  f o r  5 # - c y p r i n o l  (242°,  
Anderson ,  £]_•, 1964) . The t e t r a - a c e t a t e  was p re pa red  and i t s  m e l t i n g  
p o i n t  was 133-137° (Table 4 ) ,  a v a lu e  wh ich  i s  c o m p a t i b l e  w i t h  th e  upper 
m e l t i n g  p o i n t  o f  th e  doub le  m e l t i n g  p o i n t  o f  5 # - c y p r i n o l  t e t r a - a c e t a t e  
( 1 1 0 . 5 °  and 137 -5 -139° ,  Anderson,  e_t a j_ . , 1964) .  However , repea ted  r e ­
c r y s t a l l i z a t i o n  o f  t h e  t e t r a - a c e t a t e  f rom  th e  re d h o rs e  a l c o h o l  f a i l e d  
t o  g i v e  t h e  lower  m e l t i n g  p o i n t  so c h a r a c t e r i s t i c  o f  5 # - c y p r i n o l  t e t r a -
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a c e t a t e .  The t e t r a - a c e t a t e  f rom  5ot -ch imaero l  has a s i n g l e  m e l t i n g  
p o i n t ,  I 4 l - 1 4 3 °  (Anderson and Haslewood,  1970) .
A number o f  t e s t s  were per fo rmed to  d e t e r m in e  th e  i d e n t i t y  o f
the s i n g l e  spo t  on TLC wh ich d i d  not  match o t h e r  d a t a .  The c r y s t a l s
f rom the redhorse  a l c o h o l  showed a m e l t i n g  p o i n t  d e p re s s io n  w i t h  both
pure 5(T -cypr ino l  and 50! -ch imaero l  . The p resence  o f  a 3P-0H group was
t e s t e d  w i t h  d i g i t o n i n .  However,  no i n s o l u b l e  d i g i t o n i d e  r e s u l t e d .  The 
a n h y d r o - a l c o h o l  was formed by a l k a l i n e  h y d r o l y s i s  and p u r i f i e d  by r e ­
ve rsed-phase  column ch rom a tog rap hy .  One f r a c t i o n  f r om  t h i s  column 
c r y s t a l l i z e d  on e v a p o r a t i o n  o f  t h e  s o l v e n t ,  and had a m e l t i n g  p o i n t  o f  
210-214°.  S ince  a l l  f r a c t i o n s  showing the  same by TLC were th o u g h t  
t o  c o n t a i n  th e  same compound, th e y  were combined and repea ted  a t t e m p t s  
made to  c r y s t a l l i z e  t h e  s u b s tan ce .  However , i t  was no t  p o s s i b l e  to  
re g a i n  t h e  c r y s t a l s  f rom the  Redhorse a n h y d r o - a l c o h o l .  The IR s p e c t r a  
o f  t h e  compounds (Append ix  I I )  were  a l s o  i n c o n c l u s i v e  s i n c e  they  a l l  
appeared s i m i l a r  t o  5 & - c y p r ! n o l  ( o r  5 # - c h i m a e r o l ,  as th e  case may b e ) .
F i n a l l y ,  t h e  compounds were a na lyz ed  by GLC. In a l l  t h r e e  
s p e c ie s ,  the  a l c o h o l  showed two peaks (T ab le  3) w i t h  r e l a t i v e  r e t e n t i o n  
t im es  t h a t  sugges ted  50l-ch imaero l  and 5 o : - c y p r in o l  (Anderson and H a s l e ­
wood, 1970) .  The 5o^-chimaerol  com pr i sed  80-87% o f  the samples and th e  
9 % -c y p r in o l  com pr ised  13-20% o f  the  samples.  The a n h y d r o - a l c o h o l  f rom 
th e  Golden redho rse  a l s o  showed two peaks w i t h  t h e  r e l a t i v e  r e t e n t i o n  
t im e s  t h a t  sugges ted a n h y d r o - 9 3 - c h  imaero l  and a n h yd ro -5 c t -c yp r  i n o l  
(Anderson and Haslewood ,  1970) .  The anhyd ro -5 0 ! -ch im a e ro l  compr ised  
74% o f  t h a t  sample.
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S p e c i f i c  r o t a t i o n s  o f  t h e  f r e e  a l c o h o l s  f rom M. duquesnei  and 
H. e r y t h r u r u m  were + 2 8 . 7 °  and + 3 1 . 4 ° ,  r e s p e c t i v e l y  (Tab le  5 ) .  S ince  
the  s p e c i f i c  r o t a t i o n s  r e p o r t e d  f o r  50+ch im aero l  (+ 3 3 .5 ° ,  Anderson and 
Haslewood, 1970) and Scc -cypr ino l  (+29°,  Anderson ,  e ^  aj_. , 1964) a re  
f a i r l y  c l o s e  and the  s p e c i f i c  r o t a t i o n s  f o r  t h e  Redhorses were both 
n e a r l y  th e  same as th e  r o t a t i o n s  r e p o r t e d  f o r  5Q-chimaero l  and S#-  
c y p r i n o l ,  t h i s  da ta  was c o n s id e r e d  i n c o n c l u s i v e .
The b i l e  a l c o h o l  f rom the  Redhorses was shown t o  be c o n ju g a te d  
w i t h  s u l f a t e  (T ab le  6 ) ;  h av ing  one s u l f a t e  pe r  a l c o h o l  m o ie ty  in th e  con­
j u g a t e .  N u c l e a r - m a g n e t i c  resonance s p e c t r a  (Appendix  11) and mass sp e c t ra  
(Append ix  i l l )  showed chemica l  s h i f t s  and m/e peaks i n t e r m e d i a t e  be­
tween those  r e s u l t i n g  f rom 5G-ch imaero l  and 50! -cypr  i n o l . Hence, t h i s  
da ta  is  not  d e f i n i t i v e  excep t  t h a t  i t  i s  c o n s i s t e n t  w i t h  th e  h y p o th e s i s  
t h a t  the c r y s t a l s  f rom which the  s p e c t r a  were taken c o n ta in e d  both 5G- 
c h im a e ro l  and 50+ c y p r i n o l .
To c o n f i r m  t h e  h y p o t h e s i s  t h a t  t h e  c r y s t a l l i n e  m a t e r i a l  ob­
t a i n e d  f r om  t h e  i s o l a t i o n  and p u r i f i c a t i o n  o f  the b i l e  a l c o h o l s  f rom 
the Redhorses and the S p o t te d  s uc ke r  c o n t a i n e d  a complex formed f rom 
5 ' ^ - c y p r i n o l  and S-’-'Ch i m o c r o l , 50 mg each (5 ^ -o y p i  i n o l , m.p.  243-244°  
f rom 1c t  i obus s p . ,  and 5 a - c h i m a e r o l , m.p.  234 -235°  f rom Catostomus 
com merson i ) we re  d i s s o l v e d  t o g e t h e r  in  ac e to n e ,  taken  to  a sma l l  volume 
and c r y s t a l l i z e d  t w i c e .  The c r y s t a l s  had a m e l t i n g  p o i n t  o f  237-239°  
and on gas ch rom atog raphy  produced  two d i s t i n c t  peaks,  w i t h  r e l a t i v e  
r e t e n t i o n  t im e s  o f  1.46 and 1 .8 6 ,  r e s p e c t i v e l y .  Each re p re s e n te d  
a p p r o x i m a t e l y  h a l f  t h e  t o t a l  sample.  L i q o u r s  f rom t h i s  c r y s t a l l i z a t i o n  
produced  the  same two peaks on GLC, in  t h e  same r e l a t i v e  p r o p o r t i o n s .
CHAPTER IV
DISCUSSION
Three  d i f f e r e n t  compounds were found to  be p r e s e n t  as major  
b i l i a r y  components in  c a t o s t o m id  f i s h e s .  The s t r u c t u r e s  o f  these  com­
pounds,  5<^ -ch imaero l ,  5 a - c y p r i n o l  and a l l o c h o l i c  a c i d ,  a re  shown in  
F ig u r e  3- The da ta  i n d i c a t e  t h a t  on th e  b a s i s  o f  b i l e  s a l t  c o m p o s i t i o n  
the  v a r i o u s  genera o f  th e  f a m i l y  Ca to s to m idae  may be p la ce d  in  f o u r  
g roups.  1) Members o f  the genus Carp i odes ( c a r p s u c k e r s )  a l o n t  possess 
a l l o c h o l i c  a c i d ,  a C^^ a c i d ,  c o n ju g a t e d  w i t h  t a u r i n e  as t h e i r  major  
b i l i a r y  component.  However, th e y  may a l s o  c o n t a i n  some 50 : -cyp r ino l  as 
a secondary component .  2) Members o f  th e  genus I c t i obus ( B u f f a l o  f i s h e s )  
a lo n e  possess 5 0 - c y p r i n o l  as t h e i r  m a jo r  b i l i a r y  component . T h e i r  b i l e  
may c o n t a i n  t r a c e s  o f  a l l o c h o l i c  a c i d ,  though t h i s  was no t  c o n f i r m e d .
3) Members o f  bo th Catostomus and Chasmi s t e s  c o n t a i n  $ a -ch im a e ro l  as 
t h e i r  m a jo r  b i l i a r y  component.  4)  Members o f  t h e  genera Moxostoma, 
Hypen te l  ium, M iny t rema and Cyc 1 eptus  a 1 1 c o n t a i n  both 5o: -chimaerol  and 
5 Q - c y p r i n o l ,  in  v a r y i n g  p r o p o r t i o n s ,  as m a jo r  b i l i a r y  components 
(Tab le  2 ) .
C r i t e r i a  f o r  i d e n t i f i c a t i o n ,  such as p h y s i c a l  p r o p e r t i e s  and 
c h ro m a to g ra p h ic  b e h a v i o r ,  o f  th e  a l l o c h o l i c  a c i d  w i t h  i t s  t a u r i n e  con­
j u g a t i o n  and the  S ^ -c h im a e ro l  and S Q - c y p r i n o l  as s u l f a t e  c o n ju g a t e s ,  
a l l  co r respond ed  c l o s e l y  w i t h  p u b l i s h e d  v a l u e s .  The c r y s t a l l i n e  complex
37
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F i g u r e  3- S t r u c t u r e s  o f  t h e  t h r e e  compounds i d e n t i f i e d  f rom 
the b i l e  o f  c a to s to m id  f i s h e s ;  5 G - c y p r i n o l ,  5cc-chimaerol  and a l l o c h o l i c  
a c i d .
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formed by S Q - c y p r i n o l  and 5 Q - c h im a e r o l , however ,  was n o t  n e a r l y  so easy 
t o  i d e n t i f y .  The f a c t  t h a t  th e  m a t e r i a l  formed c r y s t a l s  w i t h  a sharp 
m e l t i n g  p o i n t  wh ich  was d i f f e r e n t  f rom a l l  m e l t i n g  p o i n t s  p u b l i s h e d  t o  
d a te  f o r  b i l e  a l c o h o l s  suggested  t h a t  t h e  m a t e r i a l  was a new, u nde sc r ibe d  
b i l e  a l c o h o l .
Severa l  avenues were e x p lo r e d  in  th e  e l u c i d a t i o n  o f  t h i s  com­
p l e x .  The f i r s t  s p e c i f i c  r o t a t i o n  de te rm ined  f o r  the subs tance f rom the  
Golden redhorse  was T h i s  was h i g h e r  than  the +33°  r o t a t i o n  r e p o r t e d
by Anderson and Haslewood (1970) f o r  5 Q - c h i m a e r o l . F u r th e rm ore ,  they 
i n d i c a t e d  t h a t  50 - c h im a e r o l  f rom Catostomus commersoni showed th e  g r e a t ­
e s t  degree o f  r o t a t i o n  t h a t  would be p r e d i c t e d  f o r  any o f  the p o s s i b l e  
isomers o f  5 o+ c h !m ae ro l .  However, t h e r e  was a change in  the ze ro  p o i n t  
on th e  p o l a r i m e t e r  (which i s  o f  unknown, b u t  v e n e r a b le ,  v i n t a g e )  d u r i n g  
the  t im e  when the  Golden redhorse  r o t a t i o n  was re c o rd e d ,  so t h i s  datum 
was q u e s t i o n a b l e .
A n o th e r  p o s s i b i l i t y  c o n s id e re d  was t h a t  the  Golden redhorse  
a l c o h o l  was a 3P isomer o f  5Q-ch imaero l  s i n c e  such isomers do e x i s t  
( e . g . ,  l a t i m e r o l  is  the 3P isomer o f  5 Q - c y p r i n o l  and has a s p e c i f i c  
r o t a t i o n  4 °  g r e a t e r  than 5 ^ ~ c y p r i n o i ,  Haslewood, 1967a ) .  P r e p a r a t i o n  
o f  th e  d i g i t o n i d e  d i s p r o v e d  t h i s  p o s s i b i l i t y  because 3P d i g i t o n i d e s  a r e  
i n s o l u b l e  and t h i s  r e a c t i o n  d id  n o t  fo rm  an i n s o l u b l e  compound.
Mixed m e l t i n g  p o i n t s  showed a m e l t i n g  p o i n t  de p res s ion  w i t h  
bo th  pu re  5 a - c y p r i n o l  and pu re  S c t - ch im a e ro l . The m e l t i n g  p o i n t  o f  the 
t e t r a - a c e t a t e  d e r i v a t i v e  (133 -137 ° )  d i d  n o t  show th e  doub le  m e l t i n g  
p o i n t  ( 110. 5°  and 1 37 -5 -1 3 9 ° )  c h a r a c t e r i s t i c  o f  5 t t - c y p r i n o l  t e t r a - a c e t a t e  
and i s  to o  low f o r  the  m e l t i n g  p o i n t  o f  50+ c h im a e r o l  t e t r a - a c e t a t e  
( 1 4 1 - 1 4 3 ° ) .
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Both NMR and IR s p e c t r a  were i n c o n c l u s i v e .  As Anderson and 
Haslewood (1970)  n o te ,  th e  IR s p e c t r a  o f  S ^ - c y p r i n o l  and 5cc-ch imaero l  
(which a r e  p o s i t i o n a l  i som ers,  F ig .  3) a re  v e ry  s i m i l a r .  The IR spect rum 
f rom the Redhorses resembles these  two, bu t  t h a t  d i d  no t  i n d i c a t e  whe th e r  
th e  a l c o h o l  f rom  th e  redho rses  was 5 Q - c y p r i n o l , 5 & - c h im a e r o l ,  o r  a n o th e r  
c l o s e l y  r e l a t e d  p o s i t i o n a l  isomer.  The NMR s p e c t ra  o f  5 Q - c y p r i n o l  and 
5o: -chimaero l  show d i f f e r e n t  chemica l  s h i f t s  (Tokes,  1970, and Cross ,
1964).  The NMR spec t rum  f rom th e  Redhorse a l c o h o l  (Append ix  I I ) was 
i n t e r m e d i a t e  between th es e  two.  The mass spec t rum o f  th e  a l c o h o l  f rom 
th e  Redhorses showed th e  m o l e c u l a r  ion  t o  be 452,  the  same as f o r  5o -  
c y p r i n o l  and S ^ - c h i m a e r o l . However, th e  spec t rum  showed th e  m/e peaks 
c h a r a c t e r i s t i c  o f  th e  5o: -ch imaero]  mass spec t rum as w e l l  as t h e  m/e 
peaks c h a r a c t e r i s t i c  o f  th e  5 # - c y p r i n o l  mass spec t rum.
Access t o  a gas chromatograph f i n a l l y  so lved  th e  p u z z l e  o f  
th e  Redhorse b i l e  a l c o h o l .  The two d i s t i n c t  peaks produced  by GLC had 
th e  same r e l a t i v e  r e t e n t i o n  t imes  t h a t  Anderson and Haslewood (1970)  
re p o r te d  f o r  5Q -ch im a e ro l  and 5 G - c y p r i n o l .  F u r th e rm o re ,  i f  known 50 -  
ch im aero l  a n d / o r  5 0 - c y p r i n o l  was added t o  th e  i n j e c t i o n  sample o f  Red-
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s e p a ra te d ,  even p a r t i a l l y ,  f rom th e  r e s p e c t i v e  components o f  t h e  Red­
ho rse  sample.  The p a r t i c u l a r  peak was m ere ly  h e ig h te n ed  w i t h  no 
b road en in g  o r  o t h e r  e v ide nc e  o f  p a r t i a l  s e p a r a t i o n .
The b i l e  samples f rom th e  B lue  s ucke r  and th e  Hog sucke r  were 
an a lyzed  a f t e r  t h e  p rob lem  o f  th e  c o m p o s i t i o n  o f  the Redhorse b i l e  had 
been s o l v e d .  Hence, th e s e  samples were n o t  s u b je c te d  t o  th e  v a r i e t y  
o f  t e s t s  t h a t  w ere  pe r fo rm ed  d u r i n g  the  a n a l y s i s  o f  t h e  Redhorse b i l e .
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The case o f  the S p o t te d  sucker  r e i n f o r c e d  t o  t h i s  a u t h o r  the 
need f o r  tho roughness  in  a n a ly s e s  such as these .  The b i l e  o f  th e  Spo t­
ted  s uc k e r  was ana lyzed  p r i o r  t o  t h a t  o f  the Redhorses and was i n i t i a l l y  
th o u g h t  t o  c o n t a i n  5 a - c y p r i n o l  w i t h  a s l i g h t l y  low m e l t i n g  p o i n t  (239-  
241° as opposed to  243 -244°  f o r  the 5 a - c y p r i n o l  we had p u r i f i e d  in  ou r  
l a b o r a t o r y  o r  242° r e p o r t e d  by Anderson ,  ejt aj_. , 1964) .  The s i n g l e  spo t  
seen on TLC i n d i c a t e d  50 ! - cyp r ino  1. The i n d e t e r m i n a t e  n a t u r e  o f  the 
c o l o r  o f  the spot  f rom  the  5o; -cypr  i no l -5o : -c h  imaerol  complex i s  more 
e v i d e n t  in  r e t r o s p e c t  and w i t h  subsequent  t e s t s  and compar isons than i t  
was i n i t i a l l y .  G a s - l i q u i d  ch rom a to g ra p h ic  a n a l y s i s  o f  the c r y s t a l s  f rom 
the S p o t te d  sucker  b i l e  a l c o h o l  c o n s i s t e n t l y  shows the p resence  o f  bo th 
9 3 - c h im a e r o l  and 3 a - c y p r i n o l .  The g r e a t e r  p e rc en tag e  o f  5 3 - c y p r I n o l  
(Tab le  2) in the S p o t te d  s uc k e r  b i l e  would accoun t  f o r  t h e  f a c t  t h a t  
these c r y s t a l s  have a s l i g h t l y  h i g h e r  m e l t i n g  p o i n t  than th o s e  f rom the 
Redhorses .
To s u b s t a n t i a t e  t h e  t h e o r y  t h a t  the c r y s t a l l i n e  m a t e r i a l  ob­
t a i n e d  f rom  the  Redhorses and the  Spo t ted  sucke r  was a complex c o n t a i n i n g  
bo th  9 3 - c y p r i n o l  and 5 o : - c h im a e r o l , 50 mg o f  pu re  m a t e r i a l  o f  each o f  
these compounds was d i s s o l v e d  in end r e c r y s t a l l i z e d  t w i c e  f rom ace to ne .  
The c r y s t a l s  r e s u l t i n g  f rom t h i s  m i x t u r e  had a m e l t i n g  p o i n t  o f  236-238°.  
On GLC these  c r y s t a l s  produced t h e  two peaks t h a t  had been seen f r om  the 
c r y s t a l s  f rom Redhorses and S p o t te d  s uc k e rs .
A l t h o u g h  th e  c o - c r y s t a l l i z a t i o n  o f  two c l o s e l y  r e l a t e d  com­
pounds t o  fo rm  a c r y s t a l l i n e  complex w i t h  a c o n s t a n t  m e l t i n g  p o i n t  i s  
r a r e ,  i t  is no t  unknown. In a s i m i l a r  c i r c u m s ta n c e ,  Ohta ( 19 39 ) ,  in  h i s  
a n a l y s i s  o f  the b i l e  f r om  th e  G ig i  f i s h ,  P e l teo ba q rus  n u d i c e p s , r e p o r t e d
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what  he t h o u g h t  was a new compound. The a c i d  which  Ohta i s o l a t e d  from 
t h e  G ig i  f i s h  ( t e t r a h y d r o x y - n o r s t e r o c h o l a n i c  a c i d ,  i s  t h e  name
and fo rm u la  he as s ign ed  t o  the compound) c r y s t a l l i z e d  f rom ace tone  and 
f rom e t h a n o l - w a t e r .  The c r y s t a l l i n e  need les  showed a c o n s t a n t  m e l t i n g  
p o i n t  o f  2 12 -214 ° .  In e l u c i d a t i n g  th e  s t r u c t u r e  o f  h i s  a c i d ,  Ohta 
found t h a t  when he o x i d i z e d  the a c i d  c a r e f u l l y  he o b t a in e d  two t r i k e t o  
a c i d s ,  an a - t r i k e t o  a c i d  w i t h  a m e l t i n g  p o i n t  o f  198° and a P - t r i k e t o  
a c i d  w i t h  a m e l t i n g  p o i n t  o f  234°.  These he t h o u g h t  were o x i d a t i o n  
p r o d u c ts  f rom h i s  a c i d ,  a c c o r d in g  t o  h i s  i n t e r p r e t a t i o n  o f  t h e  s t r u c t u r e  
as 3o:,6o;, 1 2 a , x , t e t r a h y d r o x y  c h o l e s t a n o i c  a c i d .  However, Anderson and 
Haslewood (1962)  showed t h a t  what  Ohta had i n t e r p r e t e d  t o  be a s i n g l e  
substance  was a c t u a l l y  a c o m b in a t io n  o f  c h o l i c  and a l l o c h o l i c  a c i d s .
I t  i s  not  s u r p r i s i n g  t h a t  O h ta ' s  a c i d  was t h o u g h t  t o  be a s i n g l e  sub­
s ta n c e ,  f o r  Anderson  and Haslewood (1962)  f u r t h e r  i n d i c a t e  t h a t  i t s  
methy l  and e t h y l  e s t e r s  as w e l l  as t h e  f r e e  a c i d s  c o n s i s t  o f  a p p a r e n t l y  
homogeneous c r y s t a l s ,  which  have been c h r o m a t o g r a p h i c a l l y  i n s e p a r a b le .
I t  seems t h a t  methy l  (and e t h y l )  c h o l a t e  fo rm mixed c r y s t a l s  w i t h  t h e i r  
c o r r e s p o n d in g  a l i o  e s t e r s .  The c o m p o s i t i o n  o f  such m i x t u r e s  may be 
v a r i a b l e ,  b u t  Andersun and Haslewood (1562)  suggest  t h a t  what have been 
d e s c r i b e d  as e s t e r  o f  O h ta ' s  a c i d  a r e  a p p r o x i m a t e l y  2:1 (w/w) methy l  
( o r  e t h y l )  a l l o c h o l a t e : m e t h y l  ( o r  e t h y l )  c h o l a t e .  Such a c o m p o s i t i o n  
agrees  a l s o  w i t h  r e s u l t s  o f  measurements o f  o p t i c a l  r o t a t i o n .  These 
r e s u l t s  a r e  s u p r i s i n g l y  c o n s i s t e n t  w i t h  t h e  da ta  f rom t h i s  s tu d y .  R a t io s  
o f  5 G - c h i m a e r o l : 5 G - c y p r i n o l  were 1:1 ( S p o t t e d  s u c k e r ) ,  2:1 (B lu e  sucker)  
and 4:1 (Redhorses )  in  t h i s  s tu d y .
The d i s c o v e r y  o f  t a u r o - a l l o c h o l a t e  as the  m a jo r  b i l e  s a l t  in  
t h e  R iv e r  c a r p s u c k e r  re p re s e n ts  some s i g n i f i c a n t  " f i r s t s "  in  t h e  s tu dy
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o f  b i l e  s a l t s  in  g e n e r a l ,  and f o r  f i s h  b i l e  s a l t s  in p a r t i c u l a r  ( B r ig g s  
and B u s s ja e g e r ,  1972) .  T h is  is  the  f i r s t  r e p o r t  o f  an " a l i o "  (5Ct) b i l e  
a c i d  as the  main component o f  b i l e  f rom f i s h e s  o f  the  s u p e ro rd e r  
O s t a r i o p h y s i . Haslewood ( I 967 ) r e p o r t s  c h o l i c  a c i d  (5P) as th e  major  
component f rom s e ve ra l  f i s h e s  o f  th e  o r d e r  S i 1u r i f o r m e s ,  and O h ta ' s  
a c i d  f rom the " G i g i "  f i s h  has been shown t o  c o n t a i n  a l l o c h o l i c  a c id  
(Anderson and Haslewood, 1962) bu t  i t  has n o t  been v e r i f i e d  as be ing 
the p r i n c i p a l  component o f  the  b i l e .  In a d d i t i o n ,  t h i s  is  th e  f i r s t  
r e p o r t  o f  a b i l e  a c i d  be ing  the  c h i e f  component o f  b i l e  f rom f i s h e s  in  
th e  o r d e r  C y p r i n i f o r m e s .  Yamasaki ,  ^  aj_. (1972)  have s in c e  re p o r te d  
th e  p resence  o f  a l l o c h o l i c  a c i d  in  ca rp  b i l e .  However, th e  pe rcen ta ge  
o f  a l l o c h o l i c  a c i d  p r e s e n t  was in t h a t  case e x c e e d in g l y  s m a l l .  P re v iou s  
r e p o r t s  show a b i l e  a l c o h o l ,  s p e c i f i c a l l y  5 Q ~ cy p r ino l  o r  5 c t - c h im ae ro l , 
t o  be th e  p r i n c i p a l  component o f  b i l e  in  c y p r i n i  fo rm  f i s h e s  (Anderson 
and Haslewood, 1970).  F i n a l l y ,  t h e  r e l a t i v e  abundance o f  th e  R iv e r  
c a r p s u c k e r  in  Oklahoma makes t h i s  a s u b s t a n t i a l  r e s e r v o i r  o f  n a t u r a l l y  
o c c u r r i n g  a l l o c h o l i c  a c i d .  The l i z a r d  A n o1is 1 inea topus  does have 
t a u r o a 1 l o c h o l a t e  as a lm o s t  i t s  o n l y  b i l e  s a l t  (Haslewood, 1967a) , but  
i t s  smal l  s i z e  and r e l a t i v e l y  smal l  numbers would l i m i t  i t  as a n a t u r a l  
sou rce  o f  a l l o c h o l i c  a c i d .
The a v a i l a b i l i t y  o f  l a r g e  amounts o f  a l l o c h o l i c  a c i d  makes 
p o s s i b l e  a v a r i e t y  o f  e x p e r im e n ta l  w ork ,  such as t h e  s y n t h e s i s  ( B r i g g s ,  
1970) o f  m e t a b o l i c  p r e c u r s o r s  o f  S ^ - b i l e  s a l t s ,  and th e  work be in g  done 
in  o t h e r  l a b o r a t o r i e s  ( M i t r a  and E l l i o t t ,  I 968 ) wh ic h  r e q u i r e s  a l l o c h o l i c  
a c i d .  A l s o ,  t h i s  may p r o v i d e  th e  resou rces  necessary  f o r  d e t e r m i n i n g  
the r e l a t i o n s h i p  between the 50! and 56 c o n f i g u r a t i o n  and the  s t r u c t u r e  
and f u n c t i o n  o f  enzymes i n  b i l e  a c i d  f o r m a t i o n .
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A number o f  s t u d i e s  d e a l i n g  w i t h  t h e  b io c h e m ic a l  taxonomy o f  
c a to s t o m id s  have been conducted  in r e c e n t  y e a r s .  T suyuk i  (196?)
s t u d i e d  v a r i a t i o n s  in  t h e  e l e c t r o p h o r e t i c  p a t t e r n s  o f  musc le  myogens 
and plasma p r o t e i n s  in s e v e r a l  sp ec ies  o f  c a t o s to m id s .  V a r i a t i o n s  in 
th e  serum e s te r a s e s  o f  Catostomus c l a r k i  i were shown by Koehn and 
Rasmussen (19&7) and po lymorphisms in  t h e  hemoglob in o f  a number o f  
s pec ie s  of  c a to s to m id s  have been d e s c r i b e d  (Tsuyuk i  e_t a_I_., 1967 and 
Koehn, 1969) .  In a d d i t i o n ,  Huntsman (1970)  s t u d i e d  b lood  sera and 
musc le e x t r a c t s  f rom c a to s to m id  f i s h e s .  Powers and Edmundson (1972, 
1972a) have I s o l a t e d  isohem og lo b ins  f r om  C. c l a r k i  i and de te rm in e d  the  
amino a c i d  sequence o f  the ma jo r  CX c h a i n .
C a to s to m id s  p r o v i d e  a s u i t a b l e  group f o r  s t u d i e s  in  b io c h e m ic a l  
taxonomy. S ince  much o f  t h e i r  taxonomy has been w e l l  worked o u t  on 
m o r p h o l o g i c a l ,  ana to m ic a l  and m e r i s t i c  c h a r a c t e r s ,  a good background 
e x i s t s  by which to  e v a l u a t e  the f i n d i n g s  o f  b io c h e m ic a l  s t u d i e s .  There 
a r e  many i n t e r e s t i n g  taxonomic  prob lem s in  th e  Ca tos to m idae  t o  which 
the  a p p l i c a t i o n  o f  b ioc he m ic a l  s t u d i e s  may be o f  r ea l  v a lu e .
M i l l e r  ( 1958) p re s e n ts  t h e  most re c e n t  phy loge ny  o f  t h e  f a m i l y  
C a to s to m idae  ( F i g .  4 ) .  T h is  phy logeny  i s  based l a r g e l y  on N e l s o n ' s  
(1948,  1949) d i v i s i o n  o f  th e  f a m i l y  i n t o  t h r e e  s u b f a m i l i e s  p r i m a r i l y  on 
th e  b a s i s  o f  morpho logy o f  th e  f o u r  h i g h l y  m o d i f i e d  a n t e r i o r  v e r t e b r a e  
( t h e  Weber ian a p p a r a tu s )  t h a t  connec t  th e  gas b la d d e r  w i t h  t h e  i n n e r  ea r .  
M i l l e r  i n d i c a t e s ,  however , t h a t  s i n c e  the  s u b - f a m i l y  C y c l e p t i n a e  has a 
p r i m i t i v e  genus in  each c o n t i n e n t ,  i t  m ig h t  j u s t i f i a b l y  be seg reg a te d  
as two s u b f a m i l i e s  w i t h  C y c le p tu s  as th e  N o r th  Amer ican  and Myxocyp r i  nus 
as the  A s ia n  r e p r e s e n t a t i v e .
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F ig u r e  4.  M i l l e r ' s  (1958)  “ H y p o t h e t i c a l  phy logeny  o f  the 
f a m i l y  C a t o s t o m i d a e . "
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The f o u r  groups  o f  ca to s to m id s  based on b i l e  s a l t  c o m p o s i t i o n  
g e n e r a l l y  c o r r e l a t e  q u i t e  w e l l  w i t h  M i l l e r ' s  h y p o t h e t i c a l  phy logeny .  
However, some m in o r  changes may be in  o r d e r ,  based on t h i s  and o t h e r  
s t u d i e s .  F i r s t ,  s i n c e  the t r i b e s  E r i m y z o n t i n i  and M oxos tom at ini  bo th 
show the 5 Q -cyp r in o l -5 C £ -ch im a e ro l  complex as does the  genus C y c l e p t u s , 
i t  would seem t h a t  t h e s e  groups shou ld  show a c l o s e r  p h y l o g e n e t i c  r e ­
l a t i o n s h i p  than  may be i n f e r r e d  f rom M i l l e r ' s  r e p r e s e n t a t i o n  ( F i g .  4 ) .  
T h i s  change co u ld  be accom p l ished  s im p ly  by a t h r e e - d i m e n s i o n a l  r e ­
o r i e n t a t i o n  o f  the C y c le p tu s  " b r a n c h "  o f  th e  p h y l o g e n e t i c  t r e e .
Second ly ,  t h e  t r i b e s  E r i m y z o n t i n i  and M o xos tom a t in i  a r e  q u i t e  
c l o s e  t o  each o t h e r  a c c o r d i n g  t o  b i l e  s a l t  c o m p o s i t i o n .  These data as 
w e l l  as Huntsman's  (1970)  data on b lood  sera and muscle myogens s u p p o r t  
the c o n c l u s i o n  t h a t  t h e s e  two t r i b e s  a r e  c l o s e r  t o  th e  C a to s to m in i  than 
to  the branch  p o i n t  o f  t h e  s u b f a m i l y  I c t i o b i n a e .  In  a d d i t i o n .  Huntsman 
( 1970) i n d i c a t e s  t h a t  h i s  data do not  r e s o l v e  w h e th e r  Hypen te l i u m  is  
most c l o s e l y  r e l a t e d  t o  the M oxos to m a t in i  o r  the  C a t o s t o m i n i .  B i l e  
s a l t  data i n d i c a t e s  t h a t  H y p e n te l i  um is  more c l o s e l y  r e l a t e d  t o  the  
M o x o s to m a t in i .  Eastman (p e rs .  comm.) a l s o  a f f i r m s  t h a t  h i s  data on the  
pharyngeal  Leec h  o r  c a L o s L o rn ld s  supporu t h i s  c o n c l u s i o n .  From these  
da ta ,  i t  is  t e m p t in g  t o  suggest  t h a t  t h e  t r i b e s  E r i m y z o n t i n i  and 
M oxos tom at in i  be combined and perhaps p u t  i n t o  t h e i r  own s u b fa m i l y  
se pa ra te  f rom the C a tos tom inae .  However, more s u p p o r t i n g  ev idence  
would need t o  be g a th e r e d  b e f o r e  such a change would be s e r i o u s l y  p r o ­
posed.
F i n a l l y ,  t h e  m a jo r  b i l e  s a l t  component o f  Carp iodes  i s  more 
"advanced "  c h e m i c a l l y  t h a t  t h a t  f rom I c t i obus inasmuch as a C^^ a c i d
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i s  no t  o n ly  c h e m i c a l l y  more changed f rom t h e  c h o l e s t e r o l  m o le c u le  than 
is  a a l c o h o l ,  b u t  a l s o  because an a c i d  i s  more h i g h l y  o x i d i z e d  than 
an a l c o h o l .  An argument  f o r  s w i t c h i n g  t h e i r  p o s i t i o n s  in  t h e  p h y l o ­
g e n e t i c  t r e e  c o u ld  a l s o  be s u p p o r te d  by t h e  f a c t  t h a t  t h e  c a r p s u c k e r s  
a re  a h i g h l y  s p e c i a l i z e d  genus, p a r t i c u l a r l y  w i t h  re sp e c t  t o  t h e i r  food 
h a b i t s .  No a l t e r a t i o n s  a re  in o r d e r  f o r  t h e  C a t o s t o m i n i ,  s i n c e  b i l e  
s a l t  data i n d i c a t e  t h i s  group t o  be q u i t e  d i s c r e t e .
A proposed a l t e r e d  h y p o t h e t i c a l  phy logeny  o f  t h e  f a m i l y  
Ca tostom idae ,  i n c o r p o r a t i n g  these  changes,  is  p resen ted  in F ig u r e  5 -  
I t  should a l s o  be p o i n t e d  o u t  t h a t  s i n c e  M i l l e r ' s  (1958)  p u b l i c a t i o n ,
Pan tos te us  and Catostomus have been combined in  a s i n g l e  genus,
Ca tos tom us ; and T ho bu rn ia  and Moxostoma have been combined in  a s i n g l e
genus, Moxostoma ( B a i l e y ,  et_ a j_. , 1970) .
A more n e a r l y  com prehens ive  s tu d y  would r e q u i r e  samples f rom 
Xyrauchen,  Er imyzon and ( i f  t h e y  a re  s t i l l  e x t a n t )  L a q o c h i l a . However,  
the c o n c l u s i o n s  p re s e n te d  he re  do c o r r e s p o n d  c l o s e l y  w i t h  a l r e a d y -  
p o s t u l a t e d  p h y l o g e n e t i c  r e l a t i o n s h i p s .  F u r th e rm o re ,  these  da ta c o n f i r m  
and ex tend  the  use o f  b i l e  s a l t s  as a p h y l o g e n e t i c  c h a r a c t e r ,  a t  l e a s t  
above the g e n e r i c  l e v e l .
As w i t h  most r e s e a rc h ,  t h i s  s tu d y  leaves  q u e s t i o n s  unanswered 
and p o i n t s  o u t  many avenues f o r  f u r t h e r  i n v e s t i g a t i o n .  For  example,  
a c l o s e  compar ison  o f  members o f  th e  genus I c t  i obus wi th  members o f  th e  
genus C a r p i o d e s , p a r t i c u l a r l y  in  th e  area  o f  h a b i t a t  and food  h a b i t s  
m igh t  i n d i c a t e  a c o r r e l a t i o n  between these  f a c t o r s  and reasons f o r  
d i f f e r e n c e  in  b i l e  s a l t  c o m p o s i t i o n .
Carp iodes ,  s i n c e  th ey  c o n t a i n  t a u r o - a l l o c h o l a t e  as t h e i r  m a jo r  
b i l i a r y  component , p r o v i d e  an i d e a l  system f o r  compar ing  the  b i o s y n t h e t i c
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F ig u r e  5- A proposed  a l t e r a t i o n  o f  M i l l e r ' s  " H y p o t h e t i c a l  
phy logeny  o f  t h e  f a m i l y  C a to s to m id a e . "
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C A R P I O D E S
L A G O C H I L A
YPENTELIUM
M IN YTR EM A
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sequences o f  5 G - b i l e  s a l t s  w i t h  t h e  a l r e a d y - d e t e r m i n e d  f o r m a t i o n  o f  
t h e i r  S P - c o u n t e r p a r t s  in mammals. Carp iodes would a l s o  be a good genus 
t o  use in  e x p e r im e n ta l  work f o r  d e t e r m i n i n g  the  r o l e  o f  26 ,2 7  ( c y p r i n o l )  
ve rsu s  24 ,27  ( c h i m a e r o l )  h y d r o x y l a t i o n  p a t t e r n s  as p o s s i b l e  i n t e r m e d i a t e s  
in C ^ ^ - a c i d  f o r m a t i o n .  The f a c t  t h a t  those  c a to s t o m id  s p e c ie s  w h ich  
have a l l o c h o l i c  a c i d  as t h e i r  m a jo r  b i l i a r y  component ( C a rp io des )  o r  as 
a secondary b i l i a r y  component ( I c t i ob us ) a l s o  possess S ^ - c y p r i n o l ,  bu t  
do n o t  have 5 0 -c h im a e ro l  may be i n t e r p r e t e d  two ways. I t  i s  p o s s i b l e  
t h a t  5 a - c y p r i n o l  i s  an i n t e r m e d i a t e  in  a l l o c h o l i c  a c i d  b i o s y n t h e s i s  and 
th e  r e l a t i v e  e f f i c i e n c i e s  o f  t h e  enzymes i n v o l v e d  in t h i s  c o n v e r s i o n  
d e te r m in e  w he th e r  a l l o c h o l i c  a c i d  i s  p r e s e n t  in m a jo r  o r  m in o r  amounts.
I f  t h i s  is  t h e  case ,  one must  i n f e r  t h a t  th e  enzymes necessa ry  f o r  the 
2 4 -h y d ro x y  1 a t i o n  o f  50! - ch im a e ro l  e i t h e r  have not  a r i s e n  in  t h i s  group 
o r  have been l o s t .
A second,  c h e m i c a l l y  more sound, argument is  t h a t  50 -ch im a e ro l  
i s  an i n t e r m e d i a t e  in a l l o c h o l i c  a c i d  b i o s y n t h e s i s  and i s  no t  p r e s e n t  
because i t  i s  c o n v e r te d  t o  a l l o c h o l i c  a c i d .  C h e m ic a l l y  t h i s  seems t o  
be th e  s t r o n g e r  argument  s i n c e  w i t h  th e  p resence  o f  t h e  h y d r o x y l  group 
a t  Cg^ in  5 Q - c h im a e r o l , one would p r e d i c t  c leav a ge  o f  t h e  s i d e  c h a in  
a t  t h i s  p o i n t  upon o x i d a t i o n .  The 26 ,27  h y d r o x y l a t i o n  p a t t e r n  in  5<3- 
c y p r i n o l  would no t  lead d i r e c t l y  t o  s i d e - c h a i n  c le a v a g e ,  a c i r c u m s ta n c e  
w hich would e x p l a i n  th e  presence  o f  5 a - c y p r i n o l  in  th e s e  a n i m a l s .  These 
t h e o r i e s  c o u ld  e a s i l y  be t e s t e d  by i n j e c t i n g  l a b e le d  5 Q - c y p r i n o l  and 
5 a - c h im a e r o l  i n t o  Carp i  odes and d e t e r m i n i n g  i f  e i t h e r  o f  them produced 
any l a b e le d  a l l o c h o l i c  a c i d .
The g e n e t i c  c o n t r o l  o f  t h e  enzymes r e g u l a t i n g  b i l e  s a l t  p r o ­
d u c t i o n  c o u ld  be pursued th ro u g h  t h e  f o r m a t i o n  o f  a r t i f i c i a l  h y b r i d s .
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I n  h i s  summary o f  th e  n a t u r a l l y  o c c u r r i n g  h y b r i d s  o f  N o r th  Amer ican 
f i s h e s ,  Hubbs (1955)  r e p o r t e d  a p p r o x i m a t e l y  70 n a t u r a l  h y b r i d s  in  the  
f a i m l y  C y p r i n i d a e .  T h i s  a u t h o r  ( u n p u b l i s h e d  d a ta )  has a r t i f i c i a l l y  
produced v i a b l e  h y b r i d s  between two members o f  d i f f e r e n t  s u b f a m i l i e s  
in  the fam i 1 y C y p r i n i d a e  ( P imephales v i q i l a x  X Notrop i s boops) . The 
b i l e  s a l t s  f rom a r t i f i c i a l  h y b r i d s  f r om  the f a m i l y  Ca to s to m idae  such 
as Carp iodes (a b i l e  a c i d - f o r m e r )  X Catostomus (a p ro d u c e r  o f  b i l e  
a l c o h o l s )  shou ld  p r o v i d e  i n t e r e s t i n g  data on th e  g e n e t i c  c o n t r o l  o f  
b i l e  s a l t  p r o d u c t i o n .
F i n a l l y ,  a com prehens ive  compar ison  o f  the e n t i r e  c a to s to m id  
f a m i l y  in terms o f  h a b i t a t ,  food  h a b i t s ,  c l i m a t e  and g e n e t i c s  ( k a r y o ­
ty pes and h y b r i d i z a t i o n )  m ig h t  i n d i c a t e  t h e  r e l a t i v e  i n f l u e n c e  o f  
these f a c t o r s  as s e l e c t i v e  p r e s s u r e s  in b i l e  s a l t  e v o l u t i o n .
CHAPTER V
SUMMARY
1. The m a jo r  b i l i a r y  component o f  13 spec ies  (8 genera)  o f  
th e  f a m i l y  Catos tom idae  was i s o l a t e d  and i d e n t i f i e d .
2.  A new, more s i m p l e ,  p r o c e d u r e  f o r  s o l v o l y s i s  o f  t h e  b i l e  
a l c o h o l  s u l f a t e  c o n ju g a te s  is  d e s c r i b e d .
3. A l l o c h o l i c  a c i d  found in  t h e  r i v e r  c a r p s u c k e r  is  the 
f i r s t  " a l i o "  ( 50 ) b i l e  a c i d  r e p o r t e d  t o  be th e  main component o f  b i l e  
f rom f i s h e s  o f  t h e  s u p e r o r d e r  O s t a r i o p h y s i  and the  f i r s t  b i l e  a c i d  
re p o r t e d  t o  be th e  main component o f  b i l e  f rom f i s h e s  In  t h e  o r d e r  
Cypr  i ni  formes.
k .  A c r y s t a l l i n e  complex formed f rom v a r y i n g  r a t i o s  o f  
5o:-ch imaero l  and 5 a - c y p r i n o l  was d i s c o v e r e d  in  seve ra l  genera .
5 . B i l i a r y  components in  c a t o s t o m i d  f i s h e s  f a l l  i n t o  f o u r  
c a t e g o r i e s  which co rrespond  f a i r l y  c l o s e l y  t o  p r e v i o u s l y  proposed 
p h y lo g e n ie s  f o r  the  f a m i l y  C a to s to m id a e  based p r i m a r i l y  on anatomy 
and morphology.
6.  Some m ino r  changes in M i l l e r ' s  phy logeny  o f  th e  f a m i l y  
Ca tos tom idae  a r e  proposed .
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<(<M) UMO mMS
01 oc 0 0
*H 0 001 OOf
F i g u r e  15* N u c l e a r  m a g n e t i c  res onance  s pec t rum  o f  g a - c h i m a e r o l  f r o m  Chasmi s t e s  
b r e v i  r o s t r i s .
ON w n v iD M S  
WWN :H W  09





i t  ) 
(oos) 
(0**)
' =rw*m — ]  o in v
O-C 0 >  I I I
 5 0 ' (T
5J.‘ \1 ± ' I .'1 1 1 / 1,'-J.
[o tt}o o i|o 9 | g / ]  /  • '(*H )
W M  O'S
mmo4 n
=«11U 
H IQ IM  M A S
’(O S) m u  d u / u
TVnNVW
0*t O'l





001*H 0 ooc ooc oot
V « n Ml lavM
109 -* W W O
F i g u r e  I 6 . N u c l e a r  m a g n e t i c  resonance  spec t ru m  o f  5 G - c y p r i n o i  f r o m  I c t  i obus spp. ^
CHAtT
Mftoc m u l.«.
soo soo400 200 too 0 Hi
t.O s.o 4.07 .0 4 .0 1.0 0







(IS O )S W fiP  TIMS (S IC).
S W H I WIDTH ( ^
m i l l :  ' m  '  . ‘ I ‘  L? i y  ’ i «J ( 1)
W  P O W U  IS V H i .  llvOÇ- -  -  . (.O S )
varlan
aW yttcm l im tru m c tit  d iv(tion DAT#:
(SCO)
'  C( j (>r iMo\  
...
#
tC M A IK S :
4 0  M H i N M I
S K C T tiiM  NO.
00
r o
F ig u re  1 7 -  Nuclear  magnet ic  resonance spectrum o f  5& - rM im aero1-5# -cypr in o1  complex 
f rom Moxostoma e ry th r u r u m .
CO
C H A tT  W O T
MAOC IN U .#.*.
0 Hs
IWIfP TUAI (sec)
éO M H i N M I 
tnCTRUM NO
f w m  o m n  (h i ) i . ---------
m C TM IM  AMrUTVWf; - _% %  - . ÏW H f WIOTH (m): /  (100)
■m w uu  AMruTUDii —  \ __ w n » :  !.■ 1 ^  1 » ^ . I M  *1 ; ( »)
V M N M »  «ATI ( t n ) i  « f POW» I f V H .  0 - 1 - 0 5 ---------  (-O i) lOlVIMTi
OC
v a r la n
anrtyticA) Inatrum ant dcvHlon -a -.S O 'T V
a p p e n d i x
F ig u re  18. Mass spectrum o f  50 -ch im ae ro l  f rom Catostomus macroche!1 u s . oq
<JN

















F ig u re  20.  Mass spectrum of  Redhorse a lc o h o l  complex.
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